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PREFACE. 


IN  this  work,  which  is  intended  primarily  for  students 
in  every  trade  concerned  in  Building  Construction, 
— and  which  has  been  arranged  on  the  basis  of  Notes 
prepared  for  a  Course  of  Lectures  on  the  subject, — the 
Author  has  endeavoured  to  deal,  in  a  concise  and  practical 
manner,  with  all  the  details  of  the  construction  of  a 
building.  He  has  aimed  also  at  giving  such  a  description 
of  the  nature  and  characteristics  of  the  various  Building 
Materials  in  general  use,  as  should  be  sufficient  (with 
other  subjects  dealt  with  in  the  volume)  for  the  purposes 
of  the  examinations  in  Building  Construction  prescribed 
by  the  Science  and  Art  Department,  the  Royal  Institute 
of  British  Architects,  and  the  Surveyors*  Institution, 
respectively. 

Students  who  may  be  preparing  for  the  Elementary 
and  Advanced  Examinations  of  the  Science  and  Art 
Department  (see  Appendix,  pp.  421  to  424)  will  be  able, 
by  following  the  abstract  of  the  requirements  of  their 
several  stages,  to  omit,  in  their  reading,  those  portions 
of  the  work  with  which  their  particular  class  is  not  con- 
cerned;  while  Honours  students,  and  those  preparing 
for    the    Examinations    of    the    Royal    Institute    or    the 
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Surveyors*  Institution,  will  find  that  the  work  covers 
the  ground  sketched  by  the  Syllabus  of  each  of  those 
bodies. 

While  the  courses  prescribed  by  the  several  authorities 
referred  to  above  are  those  which  the  Author  has  had 
specially  in  mind,  it  need  hardly  be  pointed  out  that  the 
materials  here  provided  will  be  available  for  preparation 
for  other  examinations  covering  similar  ground,  as  well 
as  for  students  not  seeking  certificates  ;  the  Author  s  aim 
having  been  to  provide  what  he  believes  is  not  to  be 
found  elsewhere  in  a  form  at  once  so  complete  and  so 
compact — namely,  a  Handbook  of  Practical  Building 
Construction,  which  should  be  found  useful  by  all  who 
seek  proficiency  in  the  rudiments  of  the  Building  Arts. 

It  is  believed,  also,  that  the  work  will  be  found  of 
material  service  as  a  Book  of  Reference  by  both  Operative 
and  Master  Builders,  as  well  as  by  Houseowners  and 
Estate  Agents,  Surveyors  and  Architects,  and  others 
whose  interests  are  to  be  promoted  by  acquaintance 
with  its  subject. 

It  should  be  mentioned  that  the  numerous  diagrams 
and  other  illustrations,  about  one  thousand  in  number, 
have  been  specially  drawn  and  engraved  for  this  work. 

The  Author  takes  this  opportunity  of  tendering  his 
thanks  to  those  personal  friends  and  other  gentlemen — 
specialists  in  their  several  departments — who  have  so 
kindly  assisted  him  with  their  suggestions  in  relation  to 
one  or  other  portions  of  this  work. 


Newcastle-on-Tyne, 
September  1893. 
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PUBLISHERS'     NOTE     TO     SECOND 
EDITION. 


IN  issuing  the  present  edition,  the  opportunity  has  been 
taken  by  the  Author  of  carefully  revising  the  work 
throughout,  and  of  inserting  a  few  additional  illustrations, 
with  the  necessary  explanatory  text.  A  few  of  the 
original  illustrations  have  also  been  re-drawn,  with  a 
view  to  greater  effectiveness.  Subject  to  these  several 
improvements,  the  work  is  again  issued,  without  abridg- 
ment, substantially  in  the  form  in  which  it  has  already 
attained  to  such  extended  popularity  as  the  *'  best  and 
most  complete  text-book  on  Building  Construction." 

September  1897. 
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CHAPTER     I. 

BRICKS    AND    THEIR    COMPOSITION. 

Bricks  as  Building  Material — Brick-earth  and  its  Constituents — Varieties  of  Brick-earth — 
Manufacture  of  Bricks — Varieties  of  Bricks — Purpose-made  Bricks. 

Bricks  as  Building  Material. — Bricks,  the  chief  material  of  the 
bricklayer,  are  hard  rectangular  blocks,  of  an  originally  clayey  substance, 
which  has  been  tempered  and  moulded  into  the  shapes  required,  and  then 
burnt  in  a  clamp  or  kiln  until  it  is  quite  hard. 

Bricks  are  an  ancient  building  material,  having  been  made  and  used  by 
the  Romans  for  arches,  facings,  pavings,  etc.  Though  they  were,  at  that 
I  period,  of  larger  and  smaller  sizes  than  those  used  generally  in  the  present 
day,  they  were  always  made  with  half-bricks  or  double  bricks— double 
their  width  in  length — to  allow  of  bond,  as  will  hereinafter  be  explained. 
They  thus  varied  in  length  from  7|  to  22  inches,  and  were  generally  very 
thin  (about  i|  inch),  the  smaller  sizes  being  used  for  facing  rubble  walls, 
and  the  larger  sizes  for  bonding  every  fourth  course  or  thereabouts.  The 
latter  were  also  used  for  arches. 

In  more  modern  times  bricks  have  been  used  for  walling,  facing,  arches, 
and  paving ;  and  generally  their  dimensions  are  now  about  9  inches  long 
by  4I  inches  (or  half  their  length)  in  breadth,  so  that  two  laid  crosswise 
will  cover  two  laid  lengthwise.  They  are  made  from  2|  to  3I  inches  in 
height,  according  to  local  custom  or  the  requirements  of  construction. 

They  are  of  numerous  different  qualities,  kinds,  and  colours,  each  from 
its  peculiar  nature  adapted  to  a  particular  purpose  or  use.  A  concise 
classification  of  the  various  kinds,  their  peculiarities,  qualities,  and  uses, 
will  be  given  hereinafter. 

It  is  to  be  noted  that  the  quality  of  a  brick  depends  on  the  clay  from 
ft^    which  it  is  made,  and  on  the  different  manipulation  which  the  clay  will 
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Brick-earth  and  its  Constituents. — A  good  brick-earth  or  clay, 
such  as  is  used  for  common  red  bricks,  is  generally  composed  of  silica 
and  alumina,  accompanied  by  a  slight  percentage  of  lime  or  other  flux 
(to  fuse  the  two  into  a  hard  mass),  and  a  still  smaller  percentage  of 
oxide  of  iron,  manganese,  magnesia,  or  an  alkali  to  give  it  its  colour. 
The  properties  of  the  different  constituents  of  clay  are  as  follows  : — 

Silica,  the  greatest  in  bulk,  is  practically  sand :  that  is,  in  an  uncom- 
bined  state,  it  is  infusible,  whether  alone  or  with  alumina,  w^ithout  a  small 
quantity  of  flux  in  the  form  of  lime  or  oxide  of  iron;  and  it  acts  as  a 
preventative  to  cracking,  shrinking,  or  warping.  Up  to  a  certain  proportion 
the  more  silica  there  is  the  better  the  shape  and  more  even  the  texture 
of  the  resulting  brick.  An  excess  of  silica  (or  sand)  renders  a  brick  too 
brittle.  The  silica  should  be  in  chemical  combination  with  the  alumina,  as 
opposed  to  a  mere  mechanical  admixture. 

Alumina  is  the  principal  and  most  important  constituent  of  a  good 
clay,  as  it  imparts  the  plastic  qualities,  though  it  shrinks,  cracks,  and 
warps  very  considerably  under  the  influence  of  heat,  which  renders  it 
very  hard. 

Lime  may  be  called  a  flux,  though  its  presence  in  the  bulk  has  a  double 
effect :  it  both  diminishes  the  contraction  in  the  process  of  drying  the  raw 
material,  and  it  blends  the  silica  and  alumina  together  in  the  burning^ 
This  carbonate  of  lime  must  be  present  in  very  small  quantities,  commi- 
nuted and  equally  distributed  throughout  the  mass ;  for  if  it  exists  in 
lumps  it  will  be  slaked  by  moisture,  and  cause  the  disintegration  of  the 
brick,  whether  laid  or  not  in  the  finished  work. 

Iron  is  also  a  flux,  when  in  the  form  of  an  oxide,  and  in  the  presence 
of  nearly  equal  quantities  of  silica  and  alumina.  It  is  the  colouring  matter 
of  most  kinds  of  bricks,  the  intensity  of  the  colour  (from  a  light  yellow  to 
a  dark  red)  being  in  proportion  to  the  quantity  of  iron  oxide  present. 
With  8  or  lo  per  cent,  of  oxide  of  iron,  the  colour  is  a  dark  blue  or  purple, 
and  the  addition  of  a  small  proportion  of  manganese  gives  almost  a  black 
colour  to  the  brick  ;  and  with  lime  the  two  impart  a  cream  colour,  the  one 
darkening  and  the  other  lightening  the  shade.  Magnesia  and  iron  oxide 
make  a  yellow  brick.  The  presence  of  alkalies  is  generally  a  source  of 
trouble,  as  they  act  too  strongly  as  a  flux  when  in  any  quantity,  though  that 
may  be  only  a  small  percentage.  They  melt  the  clay,  as  it  were,  and  render 
the  resulting  brick  unsymmetrical,  while  giving  it  a  greenish-blue  tint. 

A  good  brick-earth  contains  silica  and  alumina  in  due  proportions, 
together  with  such  a  percentage  of  a  flux  (in  whatever  form)  as  will  fuse 
the  silica  and  alumina  without  running  the  bricks  together  and  rendering 
them  vitrified. 

Varieties  of  Brick-earth.— There  are  three  different  kinds  of  brick- 
earth,  as  follows: — 
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1.  Pure  clay,  also  called  Plastic  or  Strong  cXdiy ,  which  contains  silica  and 
alumina,  with  such  a  small  proportion  of  lime,  iron  oxide,  or  other  flux  that 
the  brickmaker  calls  it  *'  foul  clay,"  as  it  is  of  very  little  use  by  itself,  a  soft, 
uncombined  brick  being  the  result  of  what  little  burning  the  clay  will  stand. 
The  addition  of  more  lime  or  other  flux  improves  the  clay  greatly  for 
brick-making  purposes. 

2.  Sandy,  Miid,  or  Loamy  clays  are  so  loose  that  they  are  useless  for 
the  manufacture  of  bricks  unless  a  flux  is  added  in  sufficient  quantity  to 
make  the  fusion  perfect. 

3.  Marls  or  Limy  clays  are  the  best  of  all,  as  they  contain  the  necessary 
constituents  in  the  first  instance,  without  further  addition,  except  to  regulate 
the  burning. 

An  artificial  brick-making  clay  of  this  quality,  called  malm,  can  be 
obtained  by  washing  the  clay  and  mixing  it  with  the  necessary  lime  in 
a  mill. 

Having  dealt  with  the  qualities  and  peculiarities  of  the  diff'erent 
clays  and  their  constituents,  a  short  resume  of  the  process  used  in  the 
preparation  of  the  clay  and  manufacture  of  the  b-rlcks  may  with  ad- 
vantage be  given  before  proceeding  to  a  detailed  classification  of  the 
•different  kinds  of  bricks  and  their  characteristics. 

Manufacture  of  Bricks. — After  the  removal  of  the  turf  and  surface- 
soil,  which  is  called  encallowing,  the  clay  is  dug  out,  in  the  autumn,  and 
placed  in  heaps  or  places  called  kerfs,  and  there  the  diff'erent  kinds  are 
mixed  together  and  other  ingredients  added,  as  the  nature  of  the  clay 
requires,  for  the  production  of  a  first-class  article.  Of  course,  all  stones 
and  other  unsuitable  substances  are  picked  out,  and  sometimes,  when 
the  clay  is  hard  or  uneven,  it  is  ground  in  a  mill  to  a  finer  admixture. 

This  done,  the  clay  remains  in  these  heaps  or  kerfs  during  the 
•winter ;  and,  about  the  end  of  March,  the  winter's  seasoning  having 
reduced  its  liability  to  warp,  the  clay  is  turned  over,  trodden  under 
foot,  or  ground  in  a  mill,  which  tempers  the  clay  and  renders  it  ready 
for  conversion  into  bricks. 

Malm,  the  washed  and  artificial  brick-making  earth,  is  likewise 
made  in  the  autumn  by  mixing  the  newly  dug  clay  with  a  proportion 
of  chalk,  to  make  up  the  deficiency  in  the  natural  constituents.  This  is 
done  in  a  mill,  and  as  soon  as  the  mixture  becomes  of  a  creamy  nature, 
it  is  run  through  large  sieves  into  what  are  called  backs,  large  tanks 
in  which  the  substance  becomes  hardened,  after  which  a  layer,  of  fine 
screened  ashes  is  sandwiched  between  two  layers  of  malm,  and  in  this 
condition  the  mass  remains  during  the  winter  to  mellow. 

The  clay  or  malm  being  thoroughly  ripe,  it  is  ready  to  be  made 
into  bricks,  which  can  be  done  by  machinery  or  by  hand,  the  latter 
.making  the  better  bricks. 
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Machine- made  Bricks. — Machine-made  bricks  are  of  two  kinds,  dry 
or  plastic ;  in  the  latter  case  the  clay,  when  still  in  a  soft,  sticky 
condition,  is  forced  by  pressure  through  a  rectangular  channel  of  in- 
definite length  but  the  width  of  a  brick  lengthwise  and  the  height  of 
a  brick  on  edge  (that  is,  about  lo  in.  x  5  in.)  on  to  a  smooth  greased 
iron  platform.  When  sufficient  has  descended  on  to  the  platform, 
the  supply  through  the  channel  is  cut  off,  and  what  remains,  being 
10  in.  X  5  in.  and  of  indefinite  length,  is  cut  by  knives  or  wires,  in  a  frame 
worked  by  machinery,  into  the  height  of  the  brick  required — whether 
it  be   2 1  in.  or  3  in. 

This,  in  the  course  of  a  few  seconds,  cuts  a  definite  number  of 
bricks  out  of  the  clay,  and  these  are  carried  away  to  a  shed  or  out 
into  the  sun  to  dry  gradually. 

Machine-made  bricks  can  also  be  formed  from  clay  which  has  been 
dried  and  ground  to  a  powder,  which  is  put  into  a  mould  (as  explained 
hereinafter  in  treating  of  hand-made  bricks)  and  subjected  to  great 
pressure,  so  that  a  consolidated  mass  is  formed  of  very  even  surfaces. 
The  resulting  brick,  being  already  dry,  is  ready  to  be  burnt  in  the  kiln. 

Hand-made  Bricks. — Hand- made  bricks  are  of  two  kinds,  slop  or 
^rt«d?-moulded ;  the  difference  being  that,  for  the  former,  the  mould 
(which  is  made  a  little  larger  than  the  ultimate  size  of  the  brick 
required,  so  as  to  allow  for  shrinkage  as  the  clay  or  malm  dries)  is 
dipped  into  water,  to  prevent  the  clay  from  adhering  to  its  sides  ? 
whereas  for  the  latter  the  same  end  is  attained  by  sprinkling  the  inside 
of  the  mould  with  sand,  fine  ashes,  or  a  specially  ground  powder. 

»Sd5;z^-moulded  bricks  are  considered  to  be  cleaner,  more  sharp^ 
regular,  and  perfect  in  shape  than  j/(?/)-moulded  bricks.  In  both 
cases  alike,  the  clay  or  malm  is  pressed  by  hand  into  the  mould  on 
a  flat  and  smooth  table,  and  the  superfluous  clay  is  cut  ofl"  by  a 
straight  edge. 

The  rectangular  block  of  clay  is  then  turned  out  of  the  mould' 
and  taken  to  the  shed  to  dry,  exactly  as  with  the  machine-made  bricks. 

In  some  cases  a  frog  or  indent  is  formed  on  the  bed  of  a  brick, 
either  hand-made  or  made  by  machine;  or  the  brick  may  be  made 
by  hand  and  afterwards  machine-pressed  to  give  it  a  closer  body 
and  finer  finish. 

This  frog  or  kick^  as  it  is  called,  is  made  by  a  projection  on 
the  stock  board,  over  which  the  mould  is  placed  and  fitted  to  form 
a  bottom  before  the  clay  is  pressed  home  within  the  mould  to  form 
the  brick ;  or  in  the  case  of  machine-pressed  bricks,  projections  are 
left  on  the  top  and  bottom  plates  of  the  pressing  box. 

Drying. — The  soft,  half-dry  bricks  are  then  dried  gradually,  in  the 
sun    or    under    sheds,  being    scintled^    that    is,    stacked    diagonally,    so- 
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that  the  air  can  have  free  access  all  round  them.  When  they  are 
dried  out  of  doors,  they  are  placed  on  hacks  \  these  are  long  narrow 
banks,  raised  above  the  ground  which  is  covered  with  dry  material, 
such  as  ashes  or  brick  rubbish,  to  reduce  the  moisture  to  a  minimum 
and  to  facilitate  the  drying  process. 

Burjiing. — When  the  raw  bricks  are  sufficiently  dry  they  are  wheeled 
into  the  kilns  or  clamps  and  stacked  in  layers,  sometimes  diagonally, 
to  allow  of  a  perfect  circulation  of  the  heat  from  a  bottom  of  burnt 
bricks,  covered  with  six  inches  of  breeze,  channels,  filled  with  faggots, 
being  left  across  the  bottom  to  draw  the  heat.  This  done,  and  the 
-clamps  covered  up  or  the  ends  of  kilns  blocked,  the  fire  is  lighted 
and  kept  burning  for  a  period  of  from  two  to  six  weeks,  after  which 
'they  are  allowed  to  cool,  and  the  brick  is  then  ready  and  fit  for  the 
builder. 

Clamp-made  bricks  should  always  have  a  certain  amount  of  ashes 
or  breeze  incorporated  in  them  in  the  mixing,  so  that  they  may  take 
the  fire  better  and  burn  more  readily. 

Clajjips  are  chiefly  used  in  country  brickyards,  and  for  temporary 
purposes  ;  they  consist  of  walls,  built  of  dried  raw  bricks,  smeared  with 
clay  to  hold  the  heat,  and  encircling  a  honeycomb  of  flues,  on  which  the 
bricks  to  be  burnt  are  stacked,  on  layers  of  breeze,  laid  over  the  flues,  in 
•such  a  way  as  to  leave  each  brick  as  far  as  possible  exposed  on  all  sides 
to  the  heat  during  the  process  of  burning ;  and  they  are  then  covered 
over  by  a  few  courses  of  burnt  bricks,  after  which  the  fires  are  lighted, 
when  the  whole  mass,  connected  by  the  flues,  commences  to  burn 
gradually. 

Kilns. — Kilns  are  more  permanent  structures,  and  may  be  either 
orcular  or  rectangular  in  plan,  the  former  being  the  better  of  the  two ; 
but  a  detailed  description  of  them  is  beyond  the  province  of  these 
notes.     Glazed  bricks  are  burnt  in  domed  kilns. 

Defects. — As  soon  as  the  bricks  are  cool  they  are  fit  for  use,  though 
they  require  some  selection ;  those  near  the  flues  being  over-burnt  and 
run  together,  called  burrs ;  and  those  near  the  outside  being  soft 
and  more  or  less  imperfectly  burnt,  called  />/ace  bricks^  grizzles^  or 
samels. 

Chuffs  are  bricks  on  which  rain  has  fallen  while  they  are  hot,  making 
them  full  of  cracks,  and  otherwise  wholly  defective. 

Sound  Bricks. — A  sound,  good  brick  should  be  hard,  well-burnt,  square, 
and  regular  in  shape,  with  clean  sharp  arrises.  It  should  give  a  clear  ring 
when  struck  ;  be  free  from  lumps  of  lime  and  other  impurities,  and  as  non- 
absorbent  as  possible. 

Varieties  of  Bricks. — The  chief  kinds  of  bricks  at  present  in  the 
market,  and  their  characteristics,  are  as  follows  : — 
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Gaults  are  bricks  made  from  a  natural  clay  with  sufficient  lime  in  the 
form  of  chalk  to  act  as  a  flux.  They  are  made  in  the  southern  and  eastern 
counties,  and  are  very  hard,  heavy,  and  durable,  of  the  first  quality,  suit- 
able for  best  facings,  and  usually  of  a  white  colour,  though  the  inferior 
bricks  have  a  slight  pinky  tinge.  The  Ca?nbrtdge  common  white  bricks 
have  a  proportion  of  pinky  ones,  the  mixture  being  classified  as 
Mingles. 

Malms,  as  the  name  implies,  are  made  from  a  marl  or  chalky  mixture, 
and  principally  used  for  facings  and  other  best  work.  Stiffolk  bricks  are 
of  a  similar  quality,  and  mostly  of  a  light  colour. 

Common  firebricks  are  made  from  a  refractory  clay  containing  almost 
pure  alumina  and  silica  in  the  proportion  of  one  part  of  the  former  to  three 
parts  of  the  latter  ;  they  are  generally  of  a  whitish  yellow  or  light  brown 
colour,  and  rather  porous.  They  should  be  uniform  in  texture,  and  of 
course  free  from  lime  and  iron.  They  are  made  chiefly  in  Shropshire, 
Staffordshire,  and  near  Leeds,  Newcastle,  and  Stourbridge.  They  are 
used  for  lining  blast  furnaces,  setting  grates  and  boilers,  and  casing  fire- 
resisting  flues  and  furnaces,  and  in  fact  in  any  position  where  brickwork  is 
exposed  to  the  action  of  fire. 

Dinas  firebricks  are  made  in  Glamorganshire  from  sand,  />.,  pure 
silica,  which  is  mixed  with  i  per  cent,  of  lime  and  a  little  water,  and 
pressed  together  by  machinery  before  burning.  They  are  the  best  fire- 
bricks in  existence,  of  a  porous  nature,  and  they  will  expand  and  withstand 
an  enormous  heat. 

Ganister  bricks  are  made  from  a  hard  fireclay  marl  found  in  the  coal 
measures,  which  is  ground  and  pugged  and  moulded  in  the  ordinary  way. 
They  are  closer  in  grain,  and  superior  to  firebricks  for  furnaces,  etc. 
Giiismiiyda  firebricks  are  similar  to  the  Dinas  bricks. 
Lee  Moor  firebricks  are  made  near  Plymouth,  from  the  refuse  of  china 
and  clay,  and  are  very  hard,  compact,  and  of  a  dull  red  colour. 

Thompson's  are  light,  strong,  fireproof  bricks,  lately  introduced  from 
Cheshire ;  they  are  of  a  common  red  colour,  and  extraordinarily  light  in 
weight. 

Glazed  bricks  are  made  extensively  in  the  south-west  of  Scotland,  in 
Wales,  Warwickshire,  Yorkshire,  Northumberland,  and  Durham,  from  the 
best  qualities  of  fire-clay,  which  is  generally  ground  much  finer  than  for 
firebricks.  Glazed  bricks  are  made  by  hand  and  machinery  (the  latter 
chiefly),  and  all,  when  sufficiently  dry,  are  pressed  and  as  fine  a  skin  put 
on  them  as  possible;  after  which  the  glaze,  of  whatever  tint  required, 
is  put  on  by  either  of  two  methods,  called  respectively  the  dry  and  wet 
dip.  Of  these  two  methods  the  former  is  the  better,  because  the  previous 
drying  (as  hereinafter  explained)  prevents  any  further  contraction. 

The  dry  dip  consists  of  dipping  the  bricks  in  the  glaze  after  they  have 
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been  once  burnt  in  the  kiln ;  whereas,  in  the  "  wet  dip  "  process,  the  glaze 
is  applied  to  the  wet,  undried,  or  unburnt  bricks.  After  they  have  been 
dipped  each  process  is  completed  by  burning  the  bricks  at  a  very  high 
temperature.  Glazed  bricks  are  generally  one-eighth  of  an  inch  higher 
than  the  ordinary  kinds,  so  as  to  reduce  the  mortar  joint ;  and  they  may 
be  either  glazed  at  one  end  or  one  side  only,  or  at  both  ends,  both  sides, 
or  on  end  and  side  as  required. 

Farehai7i  and  Woodville  red  bricks  are  of  a  close,  sandy  nature ;  or 
they  can  be  made  smooth,  coming  from  a  moderately  plastic  clay.  Their 
deep  red,  even  colour,  and  good  surface,  render  them  most  suitable  for 
facings. 

Staffordshire  or  Nuneafofi  blue  and  black  bricks  are  very  hard,  well- 
burnt  and  close,  non-absorbent,  and  will  resist  enormous  weights  and 
pressure.  They  are  used  for  damp  courses,  pavings,  weatherings,  piers, 
dressings,  and  positions  requiring  great  compressive  strength,  and  for  damp 
situations.  They  are  made  from  a  clay  containing  about  lo  per  cent,  of 
oxide  of  iron,  which  gives  them  their  colour.  The  clay  is  also  made  into 
copings,  channels,  and  many  other  specialities. 

Black  bricks,  made  in  Berkshire,  have  no  uniformity  in  colour,  but  are 
hard,  close,  and  sandy  in  texture,  and  make  a  good  mottled  front,  their 
ends  being  alternately  black,  blue,  and  a  glazed  yellow  or  white :  so 
much  so  that  they  give  the  appearance  of  being  daubed  irregularly  with 
soot  before  being  burnt. 

Rubber  bricks  are  of  a  soft,  sandy  nature,  of  fine,  rich,  red  colour,  and 
capable  of  being  cut,  carved,  or  rubbed  into  any  shape  or  form.  They  are 
made  near  Birmingham  and  Bracknell,  and  should  be  compact,  of  uniform 
colour,  texture,  and  hardness,  so  that  they  cannot  be  scored  with  a  knife, 
even  in  the  centre  ;  while  they  should  rub  well.  They  are  generally  made 
slightly  larger  than  ordinary  bricks,  to  allow  for  the  rubbing  down. 

Dutch  or  adamantine  clinkers  are  small,  cream-coloured,  and  very  hard 
bricks,  vitrified  throughout,  and  used  chiefly  for  paving ;  and,  if  anything, 
the  Adamantine  is  the  better  brick  of  the  two  for  the  purposes  required. 
They  are  grooved  or  chamfered,  to  give  a  firmer  foothold  for  horses,  etc., 
in  pavings. 

Candy s  bricks  are  of  a  similar  character,  though  perhaps  harder  and  yet 
more  brittle,  and  they  are  supposed  to  **  wear  rougher."  They  are  of  a 
lighter  colour,  of  a  more  watery  appearance,  and  suitable  for  the  same 
purposes  as  the  clinkers. 

Concrete  and  breeze  bricks  are  made  of  cement  and  gravel  or  breeze, 
and  used  for  fixing  purposes.  They  are  supposed  to  be  fireproof,  and  yet 
suitable  and  easy  for  use  with  woodwork  to  be  attached  thereto. 

Dust  bricks  are  blue  bricks,  which  have  been  made  in, moulds  sprinkled 
with  dust  instead  of  sand. 
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Pressed  bricks  are  those  made  by  machinery  under  pressure,  and 
Dressed  bricks  have  had  their  sides  and  beds  beaten  with  a  "dresser," 
which  gives  them  a  better  arris  and  more  even  face. 

Of  course,  it  will  be  understood  that  most  of  the  above  kinds  of  bricks 
can  be  moulded  (before  being  burnt)  into  any  shape,  form,  or  size,  to  suit 
requirements. 

Purpose-made  Bricks  are  of  innumerable  kinds,  and  made  in  various 
clays.     The  chief  kinds  are  enumerated  below,  though  it  must  be  under- 


stood  that  this  list  is  not,  and  cannot  be  made,  exhaustive ;  special  circum- 
stances requiring  special  bricks,  which  should  be  ordered  early,  before  the 
operations  of  building  are  commenced,  so  that  no  delay  may  be  caused 
while  they  are  being  made,  as  their  manufacture  occupies  a  considerable 
time  in  some  cases. 

Bullnoses  are  bricks  with  rounded  angles.  On  the  accompanying  plate 
(showing  special-purpose-made  bricks)  fig.  i  represents  a  bullnosed  angle 
to  a  25-inch  radius;  fig.  2  a  double  bullnosed  angle  to  a  2^-inch  radius; 


fig.  3  a  bullnosed  angle  to  a  4j-inch  radius ;  fig.  4  a  double  bullnosed 
angle  to  a  4|-inch  radius. 

Cants  are  jamb-bricks  with  an  angle  cut,  as  shown  in  fig.  5  ;  fig.  6 
being  a  double  cant. 

Birdsmouths  are  for  internal  angles  other  than  right  angles  ;  fig.  7 
representing  a  stretcher  and  fig.  8  a  header.  The  converse,  as  shown  in 
fig.  9,  is  called  a  squint^  and  is  used  for  external  angles. 
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Jamb-bricks  of  another  kind  are  represented  by  figs.  lo  and  ii  ;  while 
fig.  12  illustrates  a  string  brick,  and  figs.  13  and  14  stretcher  and 
header  plinths. 
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Fig.  16 


Of  the  one-centred  arch  brick,  figs.  15  and  16  show  respectively 
a  header  and  a  stretcher,  and  fig.  17  a  compass  brick,  fig.  18  representing 
a  circular  brick. 
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Ca?fiber  arch-bricks   are  shown   by  fig.  19,  and  elliptical  arch-bricks 
by  fig.  20. 
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External  rounded  angles  are  represented  by  fig.  21,  and  internal  ditto 
by  fig.  22  ;  while  square  angles,  both  internal  and  external,  are  depicted 
by  fig.  23. 
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Of  fnoulded  bricks,  quoins  are  illustrated  by  fig.  24;  moulded  bull- 
noses  by  fig.  25  ;  moulded  squints  by  fig.  26;  moulded  cants  by  fig.  27  ;. 
external  angles  by  fig.  28,  and  internal  angles  by  fig.  29. 
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Soaps  are  bricks  9  inches  long,  2|  inches  only  in  breadth,  and  3  inches- 
high  ;  while  splits  are  9  inches  long,  4I  inches  broad,  but  only  about 
i^-inch  high  (or  thick). 

Stocks  are  the  sound  marketable  clamp  burnt  London  bricks  when  the 
*•  place  bricks  "  have  been  removed  and  the  "  picked  "  stocks  selected  for 
superior  purposes — the  "stock"  is  the  medium  quality — and  they  are 
mostly  burnt  in  clamps,  having  a  quantity  of  ash  refuse  and  breeze  incor- 
porated in  them,  so  that  very  little  fuel  is  required  to  burn  them. 

Brindled  bricks  are  inferior  common  blue  bricks,  of  a  browny  blue 
colour,  very  hard  and  durable,  and  suitable  for  engineering  purposes.  It 
should  be  noted  that  good  blue  bricks  are  made  out  of  a  hard  blue  or 
purple  marl,  which  is  ground  to  a  powder  and  pugged  into  a  plastic  state 
ready  for  moulding.  The  best  and  soundest  bricks  are  excellent  for  all 
damp  situations,  some  being  specially  annealed  for  use  in  storage  tanks  for 
chemical  gases,  etc.,  and  all  true  blue  bricks  should  be  close,  hard,  and 
absolutely  non-absorbent,  though  not  necessarily  blue  all  the  way  through. 
Sometimes  dust  bricks  are  made  by  the  dry  process  similar  to  tiles. 


CHAPTER    II. 
BRICK    BOND    AND    ITS    APPLICATIONS. 

Brickwork  defined — Bond  in  Brickwork — Structures  of  Brickwork — Different  Kinds  of 
Bond — Application  of  the  Various  Bonds. 

Brickwork  strictly  speaking  is  understood  by  the  trade  to  mean  work 
executed  with  standard-sized  bricks,  /.^.,  9  inches  long,  45  inches  wide, 
and  from  2|  to  3I  inches  high,  and  any  larger-sized  materials  used  are 
considered  out  of  the  province  of  the  bricklayer. 

Bond  in  Brickwork. — The  principal  point  which  the  bricklayer  must 
always  have  in  view  in  his  work,  beyond  good  workmanship,  with  the  good 
materials  given  to  him,  is  to  have  one  pervading  bond  throughout  each 
separate  piece  of  work,  so  that  the  many  bricks  used  will  form  one  con- 
tinuous unbroken  mass  from  every  point  of  view.  By  this  word  bond 
— which  is  the  very  essence  of  sound  work — is  meant  the  arrangement  of 
the  bricks  in  such  positions  beside  and  above  each  other,  that  no  single 
vertical  joint  between  any  two  bricks  is  immediately  in  line  and  above  that 
between  two  others;  that  is  to  say,  the  bricks  must  always  break  joint  on  the 
solid  surface  of  a  brick  beneath. 

A  straight  vertical  joint  between  two  bricks  exactly  over  a  similar  joint 
of  the  course  below  is  exceedingly  bad  construction,  and  an  unsound,  weak 
piece  of  work,  which  should  never  be  overlooked.  Moreover,  in  good  bond 
the  bricks  should  break  joint  vertically  both  in  the  length  and  thickness  of 
the  wall,  so  as  to  bind  the  several  bricks  forming  the  mass  into  one  solid 
piece  of  work,  and  fairly  to  distribute  the  superincumbent  weight. 

Fig.  30  illustrates  this  principle  of  breaking  joint,  and  also  its  object 
and  effect  in  distributing  the  load,  as  the  dotted  lines  show  how  it  is 
carried  from  one  brick  on  to  the  centres  of  the  bricks  below. 
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Fig.  3 1  shows  a  piece  of  walling  with  no  bond,  or  breaking  joint,  and 
fig.  32  the  effect  a  heavy  load  would  have  on  an  unsound  foundation  ; 
the  bricks  immediately  underneath  the  weight  would  sink  down,  and  leave 
those  adjacent  to  them,  on  each  side,  in  their  original  position.  The  same 
applies  to  the  thickness  of  the  wall  as  well  as  to  its  length,  as  shown  in 
figs.  33,  34,  and  35,  on  the  same  principle. 
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Having  shown  the  necessity  for  such  a  principle,  to  break  joints  and 
effect  a  bond  both  lengthwise  and  crosswise,  it  will  be  convenient,  before 
proceeding,  to  explain  the  modes  of  carrying  out  that  principle  :  first,  to 
note  that  all  longitudinal  joints,  or  the  beds  of  the  bricks,  must  be  perfectly 
horizontal,  so  that  the  vertical  joints  can  be  made  perfectly  perpendicular 
without  unnecessary  trouble,  inasmuch  as  all  bricks  are,  or  should  be,  made 
rectangular  in  form  on  all  sides. 
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The  standard  size  of  a  brick  being  9  inches  long,  4  J  'inches  wide,  and 
3  inches  deep,  the  brick  is  twice  as  long  as  it  is  broad.  The  necessity  of 
this  proportion  is  illustrated  by  the  vertical  transverse  section  of  a  9-inch 
wall,  properly  bonded,  as  shown  in  fig.  36  ;  from  which  it  will  be  obvious 
that  the  front  and  back  surfaces  of  this  wall  would  be  uneven — i.e.,  in  and 
out  each  alternate  course— if  the  two  small  sections  were  not  the  exact 
equivalent,  in  form  and  dimensions,  of  the  one  long  one.  Fig.  37  shows 
the  result  of  such  a  defect.  Of  course,  a  little  must  be  allowed  for  the 
mortar  joint ;  and  for  this  purpose  the  width  of  a  brick  is  always  barely 
4^  inches — say,  generally  about  4|  inches — thus  leaving  a  quarter  of  an 
inch  joint  in  9  inches,  which  should  scarcely  ever  be  exceeded. 

From  these  illustrations  it  will  be  obvious  that,  with  the  use  of  bricks  of 
one  standard  and  regular  size,  the  bond  must  be  obtained  by  laying  the 
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bricks   in  different   directions — one  course  transversely   with   two   others 
.longitudinally  side  by  side,  and  so  on. 

A  brick  which  measures,  when  laid,  9  inches  long  and  3  inches  high 
on  the  face  or  back  of  a  wall,  is  called  a  stretcher;  and  one  which  shows 
41  inches  long  and  3  inches  high  is  called  a  header;  and  consequently 
a  whole  horizontal  course  of  stretchers  only  is  called  a  stretching  course^ 
^nd  one  of  headers  alone  a  heading:  course. 
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The  thickness  of  a  brick  wall  is  either  defined  by  inches  or  by  the 
number  of  header  hxiok^ ;  a  9-inch  wall  being  described  as  a  i -brick  wall, 
a  14-inch  as  a  i|-brick,  an  18-inch  as  a  2-brick  wall,  etc. 

Now,  we  know  that  when  stretchers  are  laid  in  every  course,  we  have  a 
bond  in  which  the  bricks  of  every  course  break  joint  over  the  centre  of  the 
bricks  below,  as  shown  on  fig.  30.  But  if  you  use  one  course  of  headers  and 
■one  of  stretchers  on  the  face  of  the  work,  the  bricks  only  break  joint  properly 
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at  every  other  joint — /.^.,  one  joint  in  two,  as  shown  in  fig.  38  ;  whereas,  by 
alternating  the  headers  and  stretchers  in  every  course,  though  the  same  defect 
has  to  be  contended  with,  it  is  in  lesser  degree,  viz.,  only  in  the  proportion 
of  one  unbroken  joint  in  three,  as  shown  in  fig.  39,  instead  of  one  in  two, 
as  fig.  38.  To  remedy  this,  recourse  has  to  be  had  to  the  use  of  ^-bricks, 
called  closers^  which  are  placed  at  the  angles  or  plumbings^  the  only 
places  where  they  are  legitimate  and  allowed  in  good  brickwork.  This 
gives  a  three-quarter  bond,  which  means  that  the  joint  is  broken  either 
in  the  centre  of  a  header  or  on  the  first  or  third  quarter  of  the  stretcher,  as 
shown  on  fig.  40. 

While  dealing  with  closers  it  will  be  well  to  point  out  that  there  are 
three  kinds  of  closers,  as  follows  : — 

Queen  closers,  or  through  quarters,  as  fig.  41,  an  ordinary  closer  being 
„shown  on  fig.  42. 
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King  closers  are  cut  to  shape,  as  fig.  43,  showing  2|-inch  face,  and, 
with  4|-inch  at  back,  9  inches  inwards. 

Bats  may  be  either  J,  i,  or  |  bats,  according  to  the  proportion  they 
bear  to  the  size  of  a  whole  brick. 
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Bats.  " 

Having  got  all  our  materials,  and  their  several  sizes,  positions,  and 
duties  assigned,  it  will  be  as  well  to  emphasise  a  few  points  and  rules  which 
must  be  adhered  to  in  all  kinds  of  bond  before  giving  a  description  of  the 
varieties  of  bond. 

Structure  of  Brickwork. — The  cardinal  points  of  brickwork,  to  be 
attended  to  under  all  circumstances,  are  : — 

I.  To  place  a  closer  next  to  the  first  header  in  each  alternate  course 
where  there  is  a  plumbing — />.,  after  the  header,  at  each  and  every 
angle  where  a  bricklayer  has  to  use  his  plumb-rule  to  mark  the  upright 
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line  correctly  perpendicular,  whether  it  be  at  an  angle  of  the  building, 
window  or  door  jamb,  projection  or  recess.  There  can  be  no  exception. 
The  student  must  also  note  that  the  brickwork  in  each  course  is  started 
at  both  ends,  that  is,  at  each  plumbing,  and  worked  towards  the  centre 
between  the  two  plumbings.  Therefore  any  odd-sized  bricks,  to  make  up 
given  lengths,  must  come  in  the  middle,  and  there  only ;  and  every  closer 
must  be  within  7  inches  of  every  angle  or  plumbing. 

2.  To  bear  in  mind  that  the  closers  go  in  pairs  in  the  same  course — 
i.e.y  one  must  be  placed  at  each  end,  or  else  there  would  be  a  toothing 
at  the  other  end,  as  shown  in  fig.  44  ;  the  correct  and  only  way  to  make 
the  work  in  order  being  as  in  fig.  45,  which  shows  a  closer  at  each  end, 
and  at  each  jamb  of  the  window. 

3.  To  take  care  that  the  closer  (or  ^ -brick)  goes  through  the  ivlwle 
thickness  of  the  wall,  and  in  a  broken  line,  if  possible;  a  similar  defect  to 
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the  last-mentioned  being  the  result  of  inattention  to  this  rule  ;  vide  the 
comparison  of  lengths  of  figs.  46  and  47,  representing  the  plans  of  the 
heading  course,  with  closer  for  a  wall  18  inches  thick. 
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4.  To  tie  internal  angles,  where  possible,  ivith  headers;  2\  inches 
showing  in  elevation,  and  the  other  2\  inches  being  within  the  angle  of 
the  wall. 
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5.  To  start  every  heading  course  at  both  ends,  as  in  fig.  48^,  filling 
in  according    to   the   bond   specified  ;    and   the   stretching  course   must 


n(^4G. 
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begin  at  doth  ends,  as  shown  in  fig.  48^*  the  filling  in  being  according  to 
bond  specified. 
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Different  Kinds  of  Bond. — There  are  a  considerable  number  of 
different  bonds,  including  the  following : — 

Heading  bond,  which  consists  entirely  of  headers,  is  very  seldom  used 
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because  of  the  difficulty  there  is  in  making  a  finish  and  bond  as  well,  it 
being  necessary  to  use  a  stretcher  at  the  commencement  of  each  alternate 
course,  as  shown  in  fig.  48.  It  can  only  be  used  for  walls  of  the  thickness 
of  or  exceeding  9  inches. 
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Stretching  bond  (fig.  49),  as  the  name  implies,  consists  of  stretchers 
only,  with  headers  at  ends  to  bond ;  and  is  suitable  for  walls  4^  inches  or 
|-brick  thick  only,  being  practically  no  bond  at 
all  in  thicker  walls,  as  shown  at  X  in  fig.  50. 
It  is  also  used  for  chimneys,  which  are  only 
4I  inches  thick;  and  is  accordingly  sometimes 
called  chimney  bond. 

English  bond  consists  of  one  row  or  course 
of  headers  and  one  of  stretchers  alternately,  as 
in  fig.  51.  This  is  the  simplest,  best,  and 
strongest  form  of  bond,  employing  a  good  com- 
bination of  cross  and  longitudinal  ties. 

Flemish  bond^  as  in  fig.  52,  is  built  up  of  alternate  headers  and 
stretchers  in  the  same  course,  and  may  be  said  to  look  better  in  elevation 
than  "  English,"  though  this  is  its  only  advantage,  the  latter  being  much 
stronger  owing  to  the  extra  number  of  headers  required.  "  Flemish " 
certainly  makes  better  9-inch  walls,  because  the  unevenness  of  walls  showing 
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two  faces  is  not  so  apparent  with  courses  of  alternating  header  and  stretcher, 
instead  of  alternate  heading  and  stretching  courses. 

There  are  two  kinds  of  "  Flemish  bond,"  similar  in  elevation  but 
differing  on  plan,  called  single  and  double ;  the  latter  showing  a  "  Flemish  " 
face  on  each  side  (as  shown  on  the  plans  in  figs.  75  and  76,  82  and  83, 
etc.,  pp.  21,  22),  and  the  single  a  *'  Flemish  "  face  outside,  and  "  English  " 
inside  (as  in  figs.  78  and  79). 

It  will  be  noticed  that  single  Flemish  bond  is  only  applicable  to  walls 
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of  14  inches  and  over  in  thickness,  and  that  it  entails  the  use  of  false 
or  half-headers,  a  14-inch  wall  being  formed  of  two  skins,  not  bonded 
together  in  the  one  course,  and  only  slightly  bonded  by  alternate  headers 
in  the  others.     It  is  a  very  inferior  bond,  and  only  used  to  save  expensive 
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bricks  in  facings ;  as  one  whole  brick  will  answer  for  two  false  or  snap 
headers,  which  come  inside  in  the  Double  Flemish. 

Garden-wall  bond,  a  commonly  used  bond  in  inferior  9-inch  work, 
may  either  consist  of  one  header  to  three  stretchers,  as  in  fig.  53,  or  one 


course  of  headers  to  three  courses  of  stretchers,  fig.  54  ;  the  former  being 
called  Flemish  garden-wall,  and  the  latter  English  garden-wall. 

Raking  bond  can  be   of  two   kinds — either   diagonal,  as   fig.    55,  or 
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herring-bone,  as  fig.  56.  It  is  used  for  thick  walls  only,  with  an  outer 
casing  of  another  kind,  only  bonded  inwardly  occasionally.  It  is,  on 
the  whole,  a  useful  longitudinal  bond  inside ;  though  the  triangular  fittings 
next  the  outer  skin  are  an  objection  and  defect. 
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Footings  should  always  be  bonded,  or  break-joint;  and  this  can  be 
effected  without  closers  by  making  the  offsets  2\  inches,  instead  of  using 
a  closer.  For  this  purpose  English  bond  (if  it  may  be  called  so)  is  the 
best,  most  suitable,  and  most  used ;  as  all  bricks  in  footings  should  show 
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as  headers,  and  whatever  stretchers  are  absolutely  necessary  must  be  used 
m  the  midd/e,  because  an  offset  taking  place  over  a  stretcher  allows  of 
only  2^  inches  bearing  for  the  top  brick,  as  shown  by  fig.  57.     All  offsets 
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should  be  2 1  inches,  and  the  bottom  course  of  footings  generally  double 
the  width  of  the  wall  built  thereon ;  the  steps  rising  either  3  or  6 
inches  per  offset.     Figs.  58,  59,  and  60  represent  the  footings  of  a  9-inch 
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wall  in  plan,  front  and  sectional  elevation;  figs  6i  and  62  those,  respectively, 
of  a  14-inch  and  18-inch  wall  in  sectional  elevation.  These  will  require  no 
special  explanation  if  the  student  has  mastered  the   points   previously 
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enumerated ;  it  being  remembered  that  the  first  course  of  the  wall  above 
the  footings  should  be  a  stretching  course — i.e.^  start  with  a  stretcher. 
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Application  of  the  Various  Bonds. — The  angles  of  walls  are  given 
below;  the  attention  of  the  student   having   been    called   to  all   really 


1 

1 

riq.ee 


nc^. 


67 


essential  points,  except  that  the  closer  course  in  pairs  comes  alternately 
on  each  side  of  the  angle,  as  the  brick  at  the  angle,  which  is  header 
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to  one  face,  is  stretcher  to  the  other,  and  vice  versa;   and  the  student 
should  note  also  that  the  internal  angle  is  bonded  in  one  way  in  one 
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course,  and  the  other  way  in  the  next  course,  alternately  (as  shown  by  the 
arrows),  and  always  with  a  header,  if  possible. 
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Figs.  63,  64,  and  65  represent,  in  plan  and  section,   two  alternating 
courses  at  a  corner  or  angle,  with  a  blank  eftd  of  9-inch  wall,  English 
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bond;  and  figs.  66,  67,  and  68,  69,  70,  and  71,  and  72,  73,  and  74,  the 
same  for  a  14-inch,  an  18-inch,  and  a  22-inch  wall  respectively. 

I      I 
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^jgs.  75,  76,  and  77  illustrate,  similarly,  a  9-inch  wall  in  Flemish  bond; 
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figs.  78,  79,  80,  and  81,  the  same  for  a   14-inch  wall  in  single  Flemish 
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bond,  showing  false  headers,  marked  thus  X  X;  double  Flemish  bond  for 
the  same  being  shown  in  figs.  82,  83,  and  84 ;  while,  for  an  18-inch  wall, 
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double  Flemish  bond  is  shown  in  figs.  85,  86,  and  87 ;  and  single  Flemish 
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bond  in  figs.  88,  89,  and  90.     Finally,  figs.  91,  92,  and  93  show  a  22-inch 
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wall  in  Flemish  bond,  from  which  it  will  be  seen  that  Flemish  becomes 
very  troublesome  and  weak  in  thicker  walls,  as  compared  with  English  ; 
the  angles  having  to  be  tied  in  with  stretchers  internally,  which  is  against 
the  rule  previously  laid  down. 
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The  modes  of  treatment  and  construction  for  irregular  angles  are 
dealt  with  in  figs.  94,  95,  96.  and  97,  which  represent  14-inch  bay-window 
angles,  in  English  and  Flemish  bond  respectively.     The  external  angles 


of  these  are  called  squints^  and  the  internal  birds7nouths ;  the  bricks 
measuring  6|  and  2^  inches  on  the  two  faces,  which  are  placed  alternately ; 
each  course  with  a  closer  always  coming  next  the  2|-face  in  the  work, 
this  being  equivalent  to  a  header. 
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It  will  be  noticed  that  the  Flemish  bond  (as  figs.  96  and  97)  is  very 
inferior  and  irregular ;  in  fact,  there  is  no  regular  system  about  it — 
no  two  bricklayers  working  such  angles  alike  in  Flemish  bond,  the 
difficulty  being  in  the  internal  work.     The  only  rule  that  can  be  laid  down 


F\a.QQ. 

with  regard  to  them  is  that  they  must  be  bonded  in  alternate  courses 
by  pairs  of  headers  cut  and  tied  in  by  the  stretchers  within  the  angle 
one  course,  and  without  the  next,  as  shown  in  the  figures ;  the  same 
rule,  of  course,  applying  to  English  bond  as  well ;  the  internal  header 
being  placed  at  the  back  of  the  6|  face  of  the  squint  brick. 


In  the  same  way,  figs.  98  and  99  represent  the  methods  of  treatment 
and  construction  for  two  courses  of  an  acute  angle  in  an  18-inch  wall. 

Intersections  of  internal  and  external  walls  are  done  very  simply,  the 
internal  wall  toothing  into  the  external  wall  25  inches  in  each  alternate 
course,  as  in  figs.  100,  loi,  102,  and  103  ;  the  joints  being  broken  alter- 
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nately  on  the  respective  courses,  as  shown  by  the  arrows,  and  care  being 
taken  that  where  possible  each  should  tie  in  with  a  header. 
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Brick  piers  are  subjected   to  the  same  treatment  with  regard  to  the 
necessary  closer  at  the  plumbing  angles  to  break  the  joint ;   though  it 
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cannot  be  applied  to  anything  smaller  than  piers  with  sides  of  18  inches 
wide  or  more,  in  which  case  they  are  treated  as  shown  in  figs.  104,  105, 
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106,  107,  108,  and  109  ;  from  which  it  will  be  seen  that  English  alone 
the  bond  necessarily  used. 


28 


BUILDING  CONSTRUCTION. 


Sleeper  walls  supporting  ground  floor  joists  are  built  4J  inches  thick, 
and  about  8  feet  apart,  to  reduce  the  spans  of  the  joists  in  big  room%;  and 
they  are  either  built  with  openings  here  and  there  to  allow  of  ventilation, 
or  as  fig.  no,  which  is  called  honeycomb  work. 
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Fender  walls  are  those  built  round  fireplaces  to  carry  the  hearthstones 
and  take  the  ends  of  the  joists,  which  would  otherwise  have  to  be  trimmed. 

Brick  cores  are  the  irregular-shaped  brick  surfaces  between  the  tops  of 
flat  lintels  and  the  soffits  of  relieving  or  discharging  arches,  as  in  fig.  m. 


CHAPTER   III. 
BRICK  REVEALS,  ARCHES,  AND   POINTING. 

Reveals  and  their  Construction — Forms  of  Arches — Construction  of  Arches — Bond  of 
Arches — Pointing — Fireplaces — Flues — Hoop-iron  Bond — Wood  Bricks  and  Pads — 
Brick  Corbelling. 

Reveals. — A  reveal  is  that  part  of  an  opening  which  returns  at  right 
angles  from  the  front  of  the  wall — i.e.^  that  part  which  shows  vertically 
between  the  necessary  angle  from  the  face  line  and  the  front  of  the  door 
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or  window  frame,  as  in  fig.  112,  fig.  113  being  an  illustration  of  a  splayed 
reveal^  and  fig.  114  a  splayed  jamb ^  explaining  the  difference  between  that 
and  a  splayed  reveal ;  the  former  applying  to  the  internal  and  the  latter 
to  the  external  finish. 
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Whether  a  reveal  be  square  or  splayed,  the  student  must  always  bear  in 
mind  that  a  closer  must  be  used  on  each  side  of  the  opening  in  the  same 
horizontal  line  in  the  same  course  as  that  in  which  the  closer  is  placed  at 
the  main  angles.     For  instance,  fig.  115  represents  a  square  reveal  in  a 
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wall,  in  the  heading  course  of  English  bond,  where  the  king  closers  will 
be  seen  to  advantage,  fig.  ii6  being  the  succeeding  or  stretching  course 
of  the  same. 


Fig.llG 

It  should  be  pointed  out  that  the  setting  back  of  the  jamb  (or  reveal, 
as  it  is  sometimes  improperly  called)  varies  in  wid^/i  according  to  the 
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joinery  frame  that  it  has  to  take,  usually  being  4I  inches  wide  for  sash- 
windows,  and  from  ij  to  3  inches  for  door  and  solid  window  frames. 

It  will  be  obvious  that  a  splayed  reveal  is  made  by  the  peculiar  shape 
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of  special  bricks  called  canfs,  as  shown  by  the  dotted  lines  to  figures ; 
whereas  a  splayed  jamb  is  generally  roughly  cut,  and  worked  according  to 
convenience  in  bonding.    . 


FigJt9. 

Figs.  117  and  118  represent  succeeding  courses  up  both  window  jambs, 
with  a  reveal  in  a  14-inch  wall  with  a  splayed  jamb,  English  bond;  and 
figs.  119  and  120  that  in  an  18-inch  or  2-brick  wall;  fig.  121  showing  the 
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same,  without  the  splayed  jamb ;  the  dotted  lines  on  fig.  119  representing 
the  other  course. 
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The  14-inch  wall,  treated  in  I^kmish  bond,  is  represented  on  figs.  122 
and  123,  and  the  18-inch  on  figs.  124  and  125. 
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Below  the  sills  the  brickwork  is  often  set  back  within  the  thickness 
of  the  wall,  the  jambs  continuing  down  to  floor-line  to  allow  of  window 
backs  from  window  board  to  floor  (as  shown  on  fig.  140),  making  a 
14-inch  wall  only  9  inches  thick  below  the  window  sill  and  between  the 
jambs.     Vide  fig.  126. 

Forms  of  Arches. — An  arch  is  an  arrangement  of  bricks,  placed  to 
any  shape  or  curve  over  an  opening,  so  that  each  brick  is  supported  by 
mutual  pressure  from  its  neighbours,  the  whole  being  wedged  in,  as  it 
were,  over  the  jambs  on  each  side  of  the  opening. 


t\tvAUon. 


for    Window     Back 

Plan. 
Fi^  126. 


Before  proceeding  to  explain  the  application  of  bricks  to  the  formation 
of  arches,  it  will  be  as  well  to  make  the  student  acquainted  with  the  diff'erent 
parts  of  an  arch,  their  names,  and  the  various  kinds  of  arches  in  use. 

Fig.  T27  is  an  elevation  of  a  semicircular  arch,  the  capital  letters  refer- 
ring to  the  text  with  explanations,  as  follows  :  A  represents  the  abictments 
which  support  the  arch,  and  from  which  it  springs  ;  they  are  really  the  jambs 
of  small  openings,  and  dopier  will  act  as  abutment  to  two  arches,  as  shown 
at  P  on  the  illustrations  :  C  is  the  crown  or  top  of  an  arch  ;  E  indicates 
the  ex tr ados,  top,  back,  or  outside ;  i^  is  the  /ace ;  H  are  the  haicnches, 
sidesy  or  shoulders,  comprising  the  sides  of  an  arch  up  to  a  point  halfway 
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between  the  springing  and  the  crown;  /  represents  the  intrados^  soffit^ 
bottofn^  or  under-side  of  the  arch ;  J  shows  the  jambs  or  sides  of  the 
abutments  and  piers ;  K  is  the  keystone^  or  central  voussoir  or  archstone ; 
S  indicates  the  spandrih^  the  spaces  over  the  extrados  and  haunches  up  to 
a  Une  horizontal  with  the  crown ;  Sp  is  the  springing^  or  place  from  which 


ricjl27. 


the  arch  starts — called  skew-backs  in  other  than  semicircular  arches — they 
radiate  to  the  centre,  and  form  a  key  to  keep  the  arch  in  and  wedge  or 
tighten  it  up  ;  Sn  represents  the  span^  or  width  of  the  opening  over  which 
the  arch  is  built ;  Spg  is  the  springing  or  horizontal  line,  from  which  the 
arch  commences ;  R  is  the  rise  of  the  arch,  from  the  springing  to  the  sofifit 


FiQ.128. 


Centre 
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of  the  crown;  Fare  the  voussotrs,  blocks,  or  bricks,  which  form  the  arch, 
radiating  from  the  centre-point,  and  supported  by  mutual  pressure  from 
their  neighbours. 

Fig.  128  is  a  segmental  arch,  shown  for  the  purpose  of  indicating  the 
position  of  the  skewbacks,  which  do  not  occur  in  semicircular  arches.  The 
same  reference-letters  and  nomenclature  apply  as  in  the  last  case. 

3 
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The  semicircular  arch  (shown  in  Fig.  127)  is  made  from  one  centre 
situated  on  the  springing  hne,  halfway  between  the  jambs  of  the  abutment. 
The  segmental  or  '^scheme  "  arch  (shown  in  Fig.  128)  is  formed  with  a  curve 


J"  s  y 


ny29. 


which  is  part  of  a  circle,  also  struck  from  one  centre,  halfway  between 
jambs  of  abutments,  but  at  a  distance  below  the  springing  line,  which  may 
vary  according  to  the  rise  of  the  arch. 


Fig.  129  is  a  straight  ox  flat  arch,  the  bricks  (or  voussoirs)  varying  ^n 
hickness  from  a  maximum  of  3  inches  at  the  extrados  to  a  minimum 
thickness  at  the  intrados,  so  as  to  radiate  to  a  centre  below  it. 


ng. 
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Fig.  130  is  an  elliptic  arch,  has  half  an  ellipse  for  its  curve,  and  is  used 
for  wide  spans,  where  only  a  small  rise  is  obtainable. 

Fig.  131  is  a  catnbered  2irch^  which  is  similar  to  a  straight  arch,  except 
ing  that  the  intrados  or  soffit  rises  slightly  in  a  flat  curve  towards  the  centre. 
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As  a  rule,  in  fact,  all  flat  or  straight  arches  should  be  thus  made  with  a  small 
camber,  to  allow  for  settling. 

Fig.   132  is   an  equilateral  arch — i.e.^   one   whose  curves   have  each 


an  angle  of  an  equilateral  triangle  as  its  centre,  the  two  meeting  at  the 
third  angle.     This  is  also  called  a  Gothic  arch. 

Fig.  133  represents  an  arch  struck  from  three  centres^  as  shown,  and 
is,  as  will  be  seen,  akin  to  the  elliptic  arch  (fig.  130). 


Flg\  133. 


Fig.  134  shows  an  arch  struck  from  four  centres,  and  called  a  Tudor 
arch  ;  being  also  a  Gothic  arch,  but  of  a  later  period  than  fig.  132. 

In  setting  out  three-  and  four-ceritred  aches,  the  line  joining  the  centres 
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should  be  at  an  angle  of  30  degrees  with  the  vertical,  which  can  always  be 
contrived  by  altering  the  radii. 

Trimmer  arches  will  be  explained  hereinafter,  when  treating  of  the 


/    Fig.  13^-.   \ 
o  b 

construction  of  fireplaces,  chimneys,  and  flues.     Groined  arches  are  those 
which  intersect  one  another  at  various  angles. 

Having  thus  become  acquainted  with  the  different  kinds   of  arches, 


Section 


and  the  names  of  the  various  parts,  the  student  will  the  more  easily  be 
enabled  to  master  the  constructional  points  and  details. 

Construction  of  Arches.— The  principal  kind  of  arch,  most  com- 
monly used,  is  the  ordinary  brick  relieving  or  discharging  arch,  made  of 
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rough    bricks,  over   the   inside    openings    of   doors    and  windows    and 
internal  openings.     It  springs  from  skewbacks  outside  the  ends  of  lintels, 


n 


rig.  136. 


and  is  bedded  on  a  brick  core,  over  the  lintel,  as  shown  in  fig.  135,  or 
on  a  circular  extrados  cut  on  the  Hntel,  as  fig.  136.  These  relieving  arches 
rise  in  the  centre  about  one  inch  for  every  foot  of  span. 


mmm 


Fig.  137 
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Such  arches,  of  a  very  small  span  and  of  a  considerable  rise,  are  built 
up  in  half-brick  rings,  as  shown  in  fig.  137,  in  order  to  obviate  the 
excessively  large  joints,  which  would  result  from  the  use  of  whole  bricks, 
at  the  extrados,  as  shown  in  fig.  138. 


J'  3"  3  3' 


Fig.  139. 


French   or   Dutch  arches  are    flat   or  straight,  as  shown  in  fig.   139, 
differing  from  fig.  1 29. 
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Other  kinds  of  arches  are  built  on  temporary  wooden  framings  or 
centres  of  the  required  dimensions  and  curves,  to  support  the  brickwork 
until  it  has  settled  into  its  proper  position,  and  become  duly  bound 
together  and  solidified  by  the  setting  and  hardening  of  the  cement  or 
mortar. 

The  commonest  arch  of  this  class,  which  requires  centres,  is  the 
French  or  Dutch  arch.  This  is  a  rough  flat  or  cambered  arch,  but 
distinct  from  the  ordinary  flat  arch  (fig.  129),  by  a  diff'erent  mode  of 
construction  in  regard  to  the  arrangement  of  the  bricks,  as  appears  from 
fig.  139  ;  but,  from  its  unsightliness,  it  is  only  suitable  for  walls  which 
are  to  be  plastered  or  otherwise  covered  up. 

All  the  diff'erent  kinds  of  arches  can  be  built,  either  rough  for 
plastering,  with  the  ordinary  common  bricks,  or  they  can  be  axed  or 
rubbed  and  gauged  for  facework,  as  hereinafter  explained ;  and  all  such 
arches  should  be  built  in  cement,  for  the  best  work. 

An  axed  arch  is  one  formed  of  hard  bricks,  which  are  cut,  either 
roughly  or  finely,  by  the  bricklayer's  axe,  to  the  wedge-shaped  size  and 
shape  required. 

Rubbed  and  gauged  arches  are  built  of  "  rubber  "  or  other  soft  bricks, 
which  have  been  cut  and  finely  rubbed  to  the  form  and  dimensions 
required.  They  are  usually  set  in  "  putty,"  with  very  fine  joints  ;  and 
care  should  be  taken  that  the  joint  of  each  brick  is  perfectly  true,  and 
at  right  angles  with  and  within  its  face ;  so  that  the  pressure  may  be 
equally  distributed,  and  the  edges  of  the  bricks  not  liable  to  crack  and 
split  away  from  any  undue  pressure  at  the  outside,  where  they  are  bound 
to  show  a  line.  Some  arches  are  built  with  special-made  bricks  of  the 
required  wedge-shape  and  size. 

The  student  will  notice  that,  in  openings  with  rubbed  or  axed  arches 
outside  and  a  rough  arch  inside,  the  inner  arch  is  to  be  set  back  to 
the  full  depth  of  the  jamb,  outside  the  line  of  soffit  of  the  outer  arch 
as  shown  in  figs.  140  and  141 ;  or  as  already  shown  in  fig.  135,  when 
applied  to  lintels  and  discharging  or  relieving  arches.  There  is  only  one, 
diff"erence  by  which  the  various  kinds  of  arches  can  be  distinguished  on 
drawings,  common  brick  arches  showing  thick  wedge-shaped  joints,  and 
each  brick  measuring  3  inches  at  the  intrados,  while  the  bricks  in  both 
axed  and  rubbed  and  gauged  arches  show  3  inches  on  the  extrados ;  and 
the  difference  between  the  two  is  further  shown  by  two  grades  of  the^ 
lines,  thin  lines  indicating  the  superior  kind,  while  the  thick  lines  denote 
common  work. 

Inverted  arches  are  those  turned  upside  down,  for  the  purposes  of 
spreading  the  weights  and  pressure  from  piers,  and  in  special  places,  on 
to  a  wider  area  of  foundation ;  as  in  such  instances  as  big  chimney-breasts 
and  arcades,  shown  in  fig.  142. 
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Bond  of  Arches. — The  bond  of  arches  is  not  generally  so  intricate 
as  that  of  walls,  etc. ;  though  there  must  necessarily  be  some  system  of 
binding  the  component  parts  together.  Before  entering  into  this  subject, 
however,  it  is  necessary  to  point  out  that  brick  arches  are  described  by 


Fig.  #43 


the  number  of  rings  or  half-brick  rings  in  whicn  they  are  built — a  ring 
indicating  a  course  of  the  arch  struck  from  the  centre. 

English  and  Flemish  bond,  in  arches  formed  of  a  single-brick  ring, 
are  alike  in  elevation,  being   similar  to   fig.    143,  the  usual  well-known 


F 


Fig.  144. 


Fig.  145. 


Fig.  146. 


difference  only  occumng  in  the  arrangement  of  the  bricks  from  the  face 
as  appearing  on  the  soffit ;  fig.  144  being  the  plan  of  the  soffit  (as  seen 
from  underneath)  of  an  English  bonded  arch;  and  fig.  145  that  of 
Flemish  bond. 


Fig.  J  47. 

Headifig  bond,  in  an  arch  of  a  single-brick  ring,  is  illustrated  by 
fig.  146 ;  but  the  most  practically  bonded  arch  (which  has  also  the  best 
appearance)  is  the  brick-and-a-half-ring  arch  shown  in  fig.   147. 
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Half -brick-ring  arches, ^Moh  as  that  depicted  in  fig.  148— formed  of  several 
half-brick  rings — show  a  finer  joint,  with  less  labour,  and  they  are  the  most 
easily  built ;  but  in  big  spans  the  rings  are  apt  to  separate   from  each. 


r/9. 745. 

other  at  the  coursing  joint,  from  want  of  bond.  This  absence  of  unity 
and  solidity  frequently  becomes  a  source  of  weakness  ;  and  in  order  to- 
guard  against  such  defects  in  heavy  arches,  a  few  courses  must  be  bonded 
occasionally,  when  the   heading  joints  which  radiate  are  in  line  so  as  ta 
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Fig.m.9. 

aiiow  of  it,  as  in  fig.  149,  for  half-brick  rings ;  but  a  more  complete  and 
stronger  arch  than  this  can  be  made  by  superseding  the  half-brick  ring 
entirely,  as  shown  in  fig.  150,  for  an  1 8-inch  or  2-brick  arch. 


f^iff.fSO. 

Larrying,  as  applied  to  brickwork,  is  the  term  used  for  pushing  up  the 
bricks  within  the  outsides  of  thick  walls  into  their  position,  collecting  mortar 
to  form  the  joint,  as  they  go  along,  from  a  rough  quantity  that  has  been 
thrown  in. 

Grouting  consists  in  pouring  mortar  (of  the  consistency  of  cream)  over 
the  top  or  last  course  of  three  or  four  successive  courses  which  have  not 


42 


BUILDING   CONSTRUCTION. 


been  properly  jointed.  The  semi-fluid  mortar  runs  into  all  crevices  that 
may  have  been  left,  and  forms  the  whole,  when  set,  into  one  solid  mass. 

Dinging  is  the  term  used  to  describe  the  brushing  over  of  the  brickwork 
with  a  wet  brush  while  the  mortar  is  damp  after  being  "  struck  fair." 

Wigging  is  a  term  employed  in  Dublin  to  denote  the  facing  treatment 
applied  to  the  rough  bricks  used  there,  the  vertical  joints  being  filled  up 
with  blue  mortar  and  the  horizontal  ones  with  red,  the  whole  being  after- 
wards pointed  with  a  white  cut  joint. 

Pointing.—"  Pointing "  is   the  finishing  off  (with  the  trowel)  of  the 
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Fig.  152. 


mortar  in  the  rough  joints  between  the  bricks,  so  as  to  give  the  work  a  better 
appearance  on  the  face ;  and  the  stipulation  should  be  specified,  that  no 
four  courses  of  3-inch  bricks  should  exceed  135  inches  in  height  when  laid. 
Figs.  151  and  152  represent — in  enlarged  sectional  and  front  view 
respectively — stritck-joitit  pointings  or,  as  it  is  also  called,  broad  pointings 
in  which  the  mortar  is  pressed  in  with  the  trowel. 
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Fig.  154-. 

Figs.  153  and  154  show,  similarly,  the  latter,  when  the  joint  is  cut  with 
the  trowel  on  the  bottom  edge,  called  cut  pointing.  It  has  a  better  effect 
than  that  shown  in  fig.  151,  and  it  has  a  cleaner  and  sharper  appearance, 
the  bottom  edge  of  the  mortar  being  cut  to  a  horizontal  line. 

Figs.  155  and  156  explain  in  like  manner  weat/ier-pointingj  which  is 
done  with  the  trowel,  the  upper  edge  of  the  mortar,  under  the  bottom  of 
the  upper  brick,  being  pressed  in. 
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Figs.  157  and  158  also  represent  a  rule  joint,  the  mortar  being  pressed 
in  with  the  trowel ;  and  then  a  jointer  of  thin  bar-iron,  bent  to  the  form 
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Fig.  156. 


of  an  S,  is  run  along  the  middle  of  the  mortar  to  press  it  in  a  horizontal 
line,  being  guided  by  a  straight-edge  or   rule  laid  along   the  joint,   on 
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which  the  S-jointer  travels.     The  dark  horizontal  lines  left  by  the  jointer 
give  the  work  a  better  and  more  finished  appearance. 
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Fig.  159. 
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Fig.  160 


Figs.  159  and  160  illustrate  V-pointing,  which  is  done  similarly  to  the 
last  described,  but  with  the  jointer  pointed  to  leave  an  impression  like  a  V. 
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Figs.  i6i  and  162  represent  beaded  ^omxing^  the  work  being  done  just 
as  the  two  last-named,  but  with  the  jointer  made  to  impress  a  bead  on 
the  joint. 


Fig.  161 


Fig.  t62 


Figs.  163  and  164  are  examples,  in  the  same  way,  of  /z^^r^-pointing. 
In  this  mode  of  pointing,  after  the  ordinary  mortar  has  been  pressed  into 
the  joint  or  scraped  out,  and  the  joint  stopped  up  flush  with  mortar  the 
colour  of  the  bricks,  a  straight-edge  is  laid  horizontally  along  the  joint,  and 
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thin  white-coloured  putty  is  laid  on  the  top  of  it  and  pressed  into  the  joint, 
after  which  the  top  edge  is  cut  off  level,  leaving  the  projection  as  shown. 
The  vertical  joints  are,  of  course,  done  in  the  same  way. 


Fireplaces. — As  fires  are  a  source  of  danger  to  a  building,  which 
must  necessarily  have  some  w^ood  floors,  it  becomes  essential  that  some 
means  should  be  employed  to  reduce  those  risks  to  a  minimum,  and 
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with  that  view  trinwier  arches  were  devised  for  wood  floors  with  ceilings 
under  them.  The  joists  are  framed  round  the  chimney  breast  (as  is 
explained  in  Chapter  VIII.),  and  the  open  space  left  in  front  of  the 
fireplace  is  filled  in  with  brick-arching  4I  inches  thick,  springing  from 
a  skewback  cut  into  the  breast  of  the  chimney,  above  the  ceiling  line,  to 


he  trimmer-joist,  as  shown  in  fig.   165,  and  resting  on    light    centring, 
which  is  left  in  for  the  purpose  of  carrying  the  ceiling-lath  underneath. 

Another  method  is  shown  in  fig.  166,  a  feather-edged  wood  springer 
being  nailed  to  the  trimmer-joist,  and  the  arch  springing  from  both  sides 


Fig.  161 


instead  of  from  only  one  {i.e.  the  wall),  as  shown  in  fig.  165.  The  spandril 
above  this  trimmer-arch  is  filled  in  with  concrete,  and  levelled  up  to  receive 
the  tiles,  cement,  or  hearthstones  about  2  or  2  J  inches  thick,  as  shown  on 
the  sections.  The  plan  of  the  hearth,  etc.,  is  as  shown  in  fig.  167,  which 
shows  the  trimmer-arch  under  the  front  hearth  to  be  14  inches  wider  on 
each  side  of  the  jambs  of  the  fireplace,  and  to  project  14  inches  outward 
— though    18    inches  would    be    better.     Certainly  it  should   project  no 
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less  than  14  inches,  and  be  no  less  than  9  inches  wider  on  each  side  of  the 
fireplace  jambs. 

Ground-floor  fireplaces^  in  stone  or  brick-paved  compartments,  require 
no  special  provision  for  safety  from  fire  ;  and  those  with  wood  floors  have 
their  hearths  as  for  the  upper  floors ;  but,  instead  of  being  supported  by 


Fig.  /66. 


trimmer-arches,  they  are  secured  by  sleeper  walls  enclosing  the  usual  space 
filled  in  with  concrete,  as  explained  by  fig.  168. 

Fireplace  openings  are  generally  arched  over  on  a  2|  in.  by  §  in.  wrought- 
iron  chimney-bar,  curved  to  the  form  required,  and  with  the  ends  going 
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Fig.  169 

9  inches  into  the  breasts,  split  and  turned  up  and  down  to  keep  them  in, 
as  seen  in  fig.  169.  At  the  back  of  this  the  jambs  are  gathered  over,  by 
2|-inch  projections,  to  the  size  of  the  flue  ;  and  in  best  work  a  York-stone 
slab  is  generally  placed  on  the  top  course  to  act  as  a  ledge  to  stop  down- 
draughts  of  wind.     This  construction  is  delineated  in  fig.  170.     When 
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circular  fireclay  flue-pipes  are  used  to  line  the  flues  a  special-made  radiating, 
pot  (fig.  171)  is  used  to  gather  the  opening  over  to  the  size  of  the  flue. 

As  to  the  construction  of  the  flue  itself,  after  the  brickwork  has  thus 
been  gathered  in  or  collected  to  the  flue,  it  must  be  impressed  on  the 
student  that  no  flues  should  be  made  of  less  dimensions  internally  than 
9  by  14  inches,  and  they  may  be  made  as  large  as  18  by  18  inches,  though. 
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it  is  essential  they  should  be  of  the  same  size  exactly  throughout.  They 
should,  however,  not  be  built  straight  all  the  way  up,  but  diverted,  in  one 
way  or  another,  as  much  as  possible,  as  a  good,  well-constructed  flue  should 
not  allow  daylight  at  the  top  to  be  visible  to  any  one  looking  up  from  the 
fireplace.  The  necessary  arrangement  of  a  breast  and  stack  of  several 
chimneys  will  be  understood  from  figs.  172,  173,  174,  175,  176,  177,  and 
178,  representing  complete  plans  and  sections  of  a  large  chimney-breast. 

The  supplementary  fig.  179  is  an  enlarged  detail-section  of  the  breast, 
etc,  on  the  uppermost  floor,  and  fig.  180  is  a  section  through  a  cottage^ 
showing  how  flues  are,  from  separate  chimney-breasts,  sometimes  brought 
together. 

Flues. — Flues  should  be  cored — i.e.^  tested  for  their  uniformity,  and  all 
obstruction  cleared  off";  and  the  interior  surface  must  be  smoothly  purged 
or  pargeted,  or  covered  with  mortar  mixed  with  cowdung,  to  prevent  crack- 
ing •  or  the  inside  flue-faces  may  be  built  in  smooth  regular  bricks,  and  neatly 
flush-pointed  in  cement  mortar — a  process  which  has  an  advantage  over 
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pargeting  in  that  there  is  no  coating  to  knock  off  the  flue- walls,  which  may 
happen  when  alterations  have  to  be  made  next  the  flues. 

The  partition-walls  between  flues  are  called  withes^  or  mid-feathers ;  and, 
of  course,  they  should  be  bonded  each  way,  at  every  alternate  course,  into 
the  outside  casing.     Fig.  i8i  represents  two  alternate  courses  of  English 
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bond,  ^-brick  thick,  and  fig.  182  those  in  Flemish  bond,  while  fig.  183 
shows  that  there  is  practically  little  difficulty  in  bonding  the  withes  into 
9-inch  outside  walls  of  whatever  bond;  fig.  182A  showing  a  much-used 
arrangement  which  has  its  advantages,  although  not  strictly  Flemish  bond. 

The  caps  of  chimney  stacks  are  made  more  or  less  ornamental  by  the 
use  of  moulded  bricks  or  terra-cotta,  but  more  commonly  by  means  of  several 
over  sailing  courses,  projecting  or  corbelling  out  one  above  another,  as 
shown  in  fig.  184,  and  mitring  at  the  angles,  or  returning  all  round  the 
chimney,  and  finished  off  with  a  chimney  pot.  The  top  courses  should 
always  be  set  in  cement ;  and  it  should  be  here  remarked  that  no  corbel 
or  oversailing  brick  should  project  more  than  2\  inches  at  a  time,  just  as 
offsets  and  all  projecting  bricks  should  be  headers. 

Hoop-iron  bond,  which  has  superseded  the  use  of  longitudinal  bond- 
timbers,  consists  of  thin  long  strips  of  wrought-iron,  about  \\  inches  by 


/84 


Fig.  1 85 


^\inch  laid  and  built  in  along  the  walls,  between  the  courses,  in  rows  at  every 
two  or  three  feet  in  height  above  head,  and  below  sills  of  window,  and  turned 
at  the  ends  up  joints  to  assist  in  preventing  rupture  of  the  brickwork  hori- 
2ontally  from  unequal  settlements.  It  is  often  specified  to  be  tarred  and 
sanded  before  being  built  in. 

Wood  bricks  are  often  built  in  jambs  for  fixing  joinery  work  to; 
though  they  are  now  generally  superseded  by  breeze  and  patent  bricks, 
-which  are  fireproof.  Elm  fads,  4I  inches  by  9  inches  by  5  inch,  are  also 
used  for  the  same  purpose,  and  built  in  the  joints,  sometimes  vertically,  for 
the  attachment  of  skirtings,  etc. 

Brick  corbelling  is  a  series  of  projecting  bricks,  for  the  purpose  of 
giving  additional  suppor'  to,  or  to  carry,  wall-plates  and  other  projections 
over  plain  walls  below.      Vide  fig.  185. 


CHAPTER   IV. 

DAMP  AND  ITS  PREVENTION. 

Danger  of  Damp — Protection  below  Ground — Protection  above  Ground — Prevention  of 
Damp  Rising — Prevention  of  Damp  Descending. 

Danger  of  Damp. — The  chief,  if  not  the  greatest,  enemy  of  the 
builder  is  damp.  It  will  ascend,  descend,  and  penetrate — i.e.,  attack 
materials  in  all  directions;  and  wherever  it  makes — or  is  allowed  from 
inattention,  carelessness,  or  want  of  forethought,  in  the  first  instance,  to 
make — an  inroad,  it  brings  ruin  to  the  building  itself,  in  every  manner, 
by  sowing  the  seeds  of  decay ;  ruin  to  the  furnishing  and  finishing  of  the 
building ;  and  oftentimes  ruin  to  the  health  of  its  occupants.  Therefore 
it  is  the  duty,  and  should  be  the  chief  care,  of  the  builder  to  keep  damp 
out,  by  one  or  other  of  the  various  means  which  will  hereinafter  be  pointed 
out  and  explained. 

This  duty  generally  falls  to  the  bricklayer  and  mason,  except  in  so 
far  as  roofing  is  concerned,  when  it  devolves  on  the  carpenter,  plumber, 
and  slater ;  and  all  these  will  be  dealt  with,  respectively,  in  their  proper 
places.  The  bricklayer,  however,  is  often  really  responsible  for  the  decay 
of  the  carpenter's  work  from  damp ;  though  it  should  be  the  business  of 
the  latter,  when  possible,  to  see  that  due  precautions  have  been  taken 
with  the  brickwork  before  he  puts  in  the  woodwork  which  it  is  his  business 
to  attend  to. 

Protection  below  Ground. — There  are  numerous  methods  of 
preventing  the  penetration  of  damp  through  the  enclosing  walls  into 
apartments  below  "-.he  ground  line  : — 

1.  By  building  the  walls  of  greater  thickness,  and  setting  the  bricks 
in  cement — a  simple  method,  but  often  rather  expensive ;  and,  moreover, 
on  valuable  sites,  a  considerable  quantity  of  room  is  sacrificed  for  this 
purpose,  as  compared  with  another  mode  of  prevention  which  could  have 
been  used  to  greater  advantage. 

2.  By  hollow  dry-area  walls  around  the  external  faces,  as  illustrated 
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by  the  section  Fig.  i86.  This  also  is  disadvantageous,  for  the  same 
reason  as  method  No.  i  ;  and,  in  addition,  care  should  also  be  taken  that 
the  cavity  is  thoroughly  well  ventilated,  so  as  to  maintain  a  current  of  air 
always  passing  through  every  part  of  it.  Moreover,  while  providing  such 
free  and  ample  ventilation,  every  precaution  must  be  taken  to  prevent  any 
vermin  harbouring  in  this  cavity,  as  well  as  the  accumulation  of  any  refuse 
therein.  The  open  area  should  commence  from  the  footings,  the  bottom 
being  paved  in  cement,  and  its  walls  built  battering,  in  cement,  from  the 
bottom  ;  and  it  should  be  wide  enough  to  allow  of  its  being  cleaned  out, 
when  requisite.     The  top  should  be  covered  over  with  York  slabs  well 
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secured  together ;  or  it  should  be  arched  over,  as  shown  by  dotted  lines, 
which  also  is  often  done,  in  addition  to  the  slabs.  Through  ventilation 
should  be  secured  by  ventilators  at  the  top  and  bottom,  the  holes  of 
the  gratings,  of  course,  being  made  very  small  in  order  to  keep  out 
vermin. 

3.  By  lining  the  inside  with  a  thm  brick  wall  in  cejnent,  with  a  small 
cavity  left  between  it  and  the  main  outer  wall,  as  shown  in  fig.  187.  This 
also  takes  up  room,  but  otherwise  is  a  good  remedy.  It  is  usually  adopted 
for  thick  rubble  stone  walls,  which  are  sometimes  tarred  before  the  brick- 
lining  is  built  up  securely,  and  free  from  ventilation.  This  method  has 
the  advantage  also  of  being  applicable  to  rooms  above  the  ground  floor 
line.  The  heading  and  bonding  bricks  should  have  their  ends  (which  go 
into  the  stone  wall)  well  tarred  before  being  built  in. 
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4.  Another  method  is  to  run  Hygeaji  Rock  asphalte^  while  hot, 
within  the  vertical  joints  of  the  enclosing  thick  walls.  This  is  usually 
done  about  half  a  brick  or  4I  inches  from  the  external  face,  the  first 
vertical  joint  inwards,  longitudinally,  being  left  open,  as  shown  in  fig.  188. 
The  asphalte  is  poured  in  at  every  three  or  four  courses,  filling  up  the 
crevice,  and  forming  a  complete  coating  inside  the  wall.     This  is  a  cheap 
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method,  but  it  is  only  applicable  with  advantage  to  brick  walls ;  still,  it  is 
very  effectual,  and  also  very  convenient  and  useful  for  the  upper  part  of 
the  wall. 


English  Garden  Wall  Bond 
F/g    168. 

5.  To  face  the  wall  externally  with  blue-brick  work^  built  and  bonded 
in  cement.  This  has  been  proved  to  be  a  simple  and  effectual  remedy 
against  the  penetration  of  damp. 

6.  To  render  the  external  face  over  with  cement  and  sand,  about 
one  inch  thick.  This  is  another  simple  remedy,  which  can  be  used  both 
above  and  below  the  ground  floor  line;  the  upper  portion  admitting  of 
treatment  ornamentally,  without  any  great  expense. 
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7.  The  outer  faces  of  the  basement  walls  can  also  be  coated  with 
asphalte,  laid  on  hot,  about  three-quarters  of  an  inch  thick;  which, 
though  very  expensive,  is  the  most  effectual  method  of  preventing  the 
penetration  of  damp.  Seysell  and  Val-de-travers  asphaltes  are  the  best 
for  this  purpose,  and  should  be  laid  on  by  the  company's  own  men. 

Protection  above  Ground. — The  walls  of  rooms  above  ground-line 
are  protected  from  damp  by  the  following  methods  : — 

1.  The  use  of  the  Hygean  Rock  composition  (as  before  mentioned). 

2.  The  cement  rendering. 

3.  Blue  brick  facing  (also  as  previously  explained  ;  though  the  latter  is 
not  very  bright  and  pleasant-looking  to  the  eye). 

4.  Building  the  walls  hollow  with  the  "thick  skin,"  as  it  is  called, 
either  inside  or  outside ;  the  two  being  bonded  together  {a)  by  the  use 
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of  galvanised  iron  wall-ties  {^ide  fig.  189) ;  {b)  by  the  patent  vitrified 
bonding  bricks,  as  shown  in  fig.  190.  The  outer  skin  (about  4I  inches 
or  a  halfbrick  thick)  is  built  up — with  a  2-inch  cavity,  ventilated  at 
top  and  bottom  for  the  circulation  of  the  air,  which  is  a  non-conductor — 
simultaneously  with  the  inner  or  thicker  portion,  about  five  bonding 
bricks  or  ties  being  used  to  each  superficial  yard — about  twelve  inches 
apart  in  height,  and  from  two  to  three  feet  horizontally.  Thin  strips 
should  be  used  during  construction,  in  order  to  keep  the  mortar  from 
I  falling  inside  the  cavity ;  or  sand  courses  may  be  left  at  the  bottom,  to 
allow  of  its  being  cleaned  out  when  finished ;  though  this  latter  method 
is  not  so  good,  from  a  practical  point  of  view,  for  the  stability  of  the 
work. 

It  is,  however,  to  be  noted  also  that  hollow  walls   are   a  source  of 
trouble,  wherever  openings  occur,  especially  at  the   heads ;   the  jambs 
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being  easily  got  over,  as  shown  at  fig.  191.  The  heads,  or  lintels  over 
the  heads,  in  hollow  walls  are  unprotected  against  all  possibility  of  wet 
falling  on  to  their  upper  surfaces.  The  best  way  to  guard  against  this 
source  of  weakness,  in  good  work,  is  to  lay  thin  sheet  lead  (formed  into 
a  gutter)  over  them,  between  the  joints  i^ide  fig.  192),  and  having  a  fall 
both  ways  from  the  centre  of  the  lintel,  so  that  the  wet  is  carried  and 
thrown  off  them  by  the  gutter,  which  should  project  two  or  three  inches 
beyond  the  end  of  the  lintel. 

It  is  better  to  have  the  thin  skin  at  the  outside,  and  the  thicker  (or 
main)  walls  inside ;  inasmuch  as  the  penetration  of  damp  is  all  the  sooner 
stopped  by  the  circulation  of  the  air  in  the  cavity,  and  there  is  then  a 
thicker  dry  wall  inside.  This,  in  fact,  is  the  strongest,  best,  most  ad- 
vantageous  and  economical   system ;   as,  with  the  thin  skin  inside,  all 
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joints,  roof,  and  other  bearing  timbers  can  only  get  a  bearing  of  4^  inches, 
on  a  half-brick  wall,  which  is  not  sufficient,  as  the  4I  wall  is  not  strong 
enough  to  carry  the  whole  weight  of  the  building ;  hence  all  such 
bearings  have  to  be  of  increased  length  to  go  into  the  outer  wall,  which, 
though  it  is  the  thicker  and  stronger,  is  also  more  exposed  to  damp. 

Bridging  over  the  cavity  at  these  points  of  support  may  be  recom- 
mended as  a  remedy,  to  avoid  that  increased  expense ;  but,  obviously,  that 
would  be  to  do  away  with  all  or  most  of  the  benefit,  for  the  attainment 
whereof  the  hollow  wall  had  been  employed ;  seeing  that  it  would  break 
the  non-co7iductor^  and  the  damp  would  be  transmitted  from  the  outside 
to  the  inside  wall  by  the  bridge. 

5.  The  external  face  of  the  walls  may  be  slated  or  tiled ^  to  wood 
laths  nailed  to  bond  timbers  on  pads  built  in  as  the  work  proceeds.  If 
slates  be  used  this  method  gives  the  building  too  much  of  the  appearance 
of  a  roof,  and  creates  a  dull  and  uniform  monotony  of  colour.  When 
tiles  are  used,  which  may  be  of  a  different  and  lighter  colour,  and  varied 
in  form,  they  can  be  treated  ornamentally,  which  cannot  be  done  with 
slates ;  and  to  obviate  the  use  of  wood  battens  and  plugs  thin  Wright's  breeze- 
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fixing  blocks  are  built  in,  alternately  with  every  brick  course,  having  a 
slight  projection  on  which  the  nib  of  the  tile  rests,  while  the  tile  itself  is 
nailed  to  the  blocks  which  are  the  "gauge"  from  centre  to  centre,  two 
courses  of  blocks  and  one  of  bricks  replacing  two  ordinary  brick  courses. 

6.  The  outside  of  barns  and  other  unimportant  buildings  are  often 
coated  with  tar  to  keep  out  the  damp. 

Of  the  means  used  to  stop  damp  where  it  has  penetrated  the  walls  of  a 
building,  Szerelmey's  solution  is  one  of  the  best,  a  coating  or  two  of  the 
solution  (either  applied  internally  or  externally)  often  completely  stopping 
it  and  rendering  the  wall  water-  and  damp-proof. 

Blundell's  petrifying  liquid  is  also  a  good  remedy,  and  can  be  applied 
in  various  colours,  which,  having  a  glassy  surface,  can  be  readily  washed. 
The  walls  can  also  be  covered  with  Willesden  paper,  which  is  said  to  be 
water-  and  rot-proof;  or  they  may  be  papered  with  laminated  lead  or  tin- 
foil papers  before  the  decorative  work  is  applied.  If  the  walls  are  very 
damp,  it  may  be  advisable  to  plaster  the  walls  in  Portland  cement  instead 
of  the  ordinary  materials,  and  finish  them  in  Parian  for  paint ;  or  in  other 
cases  the  external  walls  are  battened  and  lathed  as  hereinafter  explained. 

Prevention  of  Damp  rising. — The  ascent  of  damp  is  guarded 
against  by  the  use  of  damp-proof  courses,  of  different  materials,  laid 
across  the  whole  width  of  the  walls,  a  little  above  the  general  surface 
of  the  ground,  and  under  all  timbers,  wall  plates,  etc.,  which  are  liable 
to  be  affected  by  damp.  The  following  kinds  of  damp-courses  are 
employed  in  different  parts  of  the  country  : — 

1.  Blue  brick  dainp-courses ;  which  consist  of  blue  bricks,  with  open 
cross  vertical  joints,  laid  in  cement,  and  with  the  two  next  courses  of 
brick,  above  them,  built  in  cement  mortar.  This  is  a  most  effectual 
method,  besides  being  inexpensive,  and  raising  the  building  at  the  same 
time — assuming  that  there  can  be  no  objection  on  the  score  of  ap- 
pearance. 

2.  S/ate  and  cement  damp-courses  are  made  of  two  thicknesses  or 
courses  of  good  non-absorbent  slates,  bedded  and  jointed  in  cement,  and 
overlapping  each  other  at  the  joints. 

3.  Asphalte  damp-courses  of  Val-de-travers,  Seysell,  or  Limmer 
asphalte,  are  very  effectual,  though  a  slightly  more  expensive  remedy ;  still 
they  have  the  advantage  of  being  hidden  in  the  joint,  whereas  the  blue 
bricks  would  be  apparent  and  out  of  character.  The  asphalte  should  be 
laid  on  hot,  and  by  experienced  workmen. 

4.  Anderson' s^  McNeill's^  and  Engert  <^  Rolfe's  patent  fibrous  asphalte 
felts  are  another  effectual  remedy,  and  particularly  convenient  \  because,  as 
sold,  they  are  ready  to  be  laid  by  the  ordinary  workmen,  being  made  in 
lengths  and  to  the  widths  of  ordinary  walls.     They  are  either  laid  in  single 

(    courses,  lapped  at  the  joints,  or  double — /.e.,  in  two  thicknesses. 
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5.  Cemefit  afid  saftd^  gauged  strongly  (as  one  of  cement  and  one  of 
sand)  is  sometimes  used  as  a  damp-course ;  and  it  is  effectual,  but  requires 
time  to  set,  before  any  heavy  work  can  be  built  on  it. 

6.  A  composition  of  tar^  safid,  and  pitch  is  a  common  and  successful 
remedy ;  though  it  requires  experience  in  the  boiling,  as  it  will  only  set 
properly  when  laid  on  hot  immediately  after  it  has  reached  a  certain 
state  after  boiling. 

7.  Lead  is  sometimes — though  seldom  nowadays — used  as  a  damp- 
course.  It  is  expensive,  because  it  must  be  stout ;  besides  which  it  has 
the  disadvantage  of  being  affected  and  eaten  away  by  cement  or  lime ;  and 
it  will  not  carry  very  heavy  weights. 

8.  Hollow  vitrified  brick  blocks^  to  allow  the  circulation  of  such  a 
non-conductor  as  air,  are  also  another  effectual  remedy,  and  frequently 
used.     They  are  laid  on  in  two  courses,  breaking  joint. 

9.  Callender's  bituminous  damp-proof  sheeting  is  very  effectual,  as  well 
as  reasonable  in  price,  and  it  can  be  applied  in  continuous  lengths. 

Prevention  of  Damp  descending. — The  descent  of  damp,  in 
special  cases,  such  as  parapet  walls  and  chimneys,  is  stopped  by  similar 
methods  to  its  ascent,  as  explained  above.  The  common  method,  how- 
ever— which  only  checks,  but  does  not  prevent  the  descent  of  damp,  in 
ordinary  walls  and  other  places  where  it  penetrates  or  descends — is  to 
throw  it  off  by  weatherings  and  projections.  All  string-courses^  sills,  cop- 
ings, and  projections  should  be  weathered  or  splayed,  and  the  underside 
''  check-throated,"  so  that  the  wet  runs  down,  and  being  checked  by  the 
throat  on  the  projection  (as  at  x  in  fig.  193),  drops  off. 

Copings  of  stone  or  blue  or  red  bricks  are  also  used  at  the  top  of  walls 
for  this  purpose,  and  may  be  either  weathered  and  throated,  as  fig.  193  ; 
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saddle-back  and  throated,  as  fig.  194  ;  rounded  and  throated,  fig.  195  ;  or 
bull-nosed  or  half-rounded,  fig.  196.  All  these  are  effectual  except  the 
last ;  this  does  more  harm  than  good,  as,  without  the  throat,  all  the  wet 
is  collected  and  literally  poured  down  the  face  of  the  wall. 

A  tile  creasing,  as  shown  in  fig.  197,  is  often  also  employed  as  a 
coping  and  projection  to  walls,  and  consists  of  two  courses  of  tiles 
breaking  joint,  and  built  in  cement,  projecting  from  the  wall  line. 


CHAPTER  V. 

BUILDING  STONES  AND  STONE  WALLING. 

Stone  as  a  Building  Material — Sandstones — Limestones — Stone  Walling — Limestone 
Facings — Sandstone  Facings. 

Stone  as  a  Building  Material — It  is  only  proposed,  in  this  chapter, 
to  draw  attention  to  some  of  the  chief  points  requiring  attention  with 
regard  to  building  stones  generally,  after  which  a  short  account  will  be 
given  of  the  nature  and  characteristics  of  the  chief  building  stones  in 
general,  as  against  local  use.  Granite  and  other  building  materials,  not 
mentioned  elsewhere,  will  be  found  treated  of  in  Chapter  XXIII. 

It  will  be  patent  to  the  student  that,  whereas  hard-and-fast  rules  can  be 
laid  down  for  the  guidance  of  bricklayers,  to  enable  them  to  make  good, 
solid,  well-bonded  work  with  a  material  of  regular  and  standard  size,  no 
such  rules  can  be  made  for  the  use  of  a  material,  such  as  stone,  which  is 
of  no  certain  fixed  size,  and  is  subject  to  the  varying  influence  of  innu- 
merable matters  of  both  great  and  small  importance.  Therefore  a  great 
deal  must  necessarily  be  left  to  the  judgment  of  the  mason,  who  should 
thoroughly  understand  the  principles,  which  he  must  endeavour,  in  more 
or  less  degree,  to  carry  out,  as  far  as  possible,  according  to  circumstances. 
He  should  never,  under  any  circumstances,  allow  one  joint  to  be  exactly 
over  another;  but  he  can  make  the  joint,  in  any  position,  over  another 
solid  stone,  whether  it  be  half  or  three-quarter  bond.  All  he  has  to  do — 
subject  to  judgment  and  discretion — is  to  break  the  joints  ;  and,  in  addition 
to  this,  he  must  take  care  that  every  stone,  excepting  projections  and 
weatherings,  is  laid  on  its  natural  bed — i.e.^  on  the  bed  on  which  it  lay 
when  in  the  quarry,  before  it  was  taken  from  the  solid  mass.  This  bed — 
except  in  very  close,  hard,  uniform,  and  even-grained  stones — can  easily 
be  distinguished,  as  all  formation  and  stratification,  shells,  changes  of 
colour,  and  nature  in  the  stone,  grit  or  other,  are  practically  laid 
horizontally  on  the  stone.  Therefore  such  marks,  indications,  and  pecu- 
liarities are  generally  found  in  lines  approximately  parallel  with  the  natural 
or  quarry-bed  of  the  stone. 
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On  the  other  hand,  all  projections,  weatherings,  and  especially  copings, 
should  h^  joint-bedded',  that  i-,  the  natural  or  quarry-bed  must  be  placed 
vertically  and  at  right  angles  to  the  horizon  or  bed  of  the  course,  which 
is  necessitated  by  the  fact  that  wet  and  frost  will  penetrate  the  bed  of 
a  stone,  and  lift  it  up  and  sometimes  off  altogether.  Therefore  it  is  best 
to  tie  the  beds  in,  as  it  were,  together  at  the  joints  by  neighbouring  stones, 
so  that  they  cannot  get  away. 

The  mason  should  also  take  great  care  that  the  surfaces  of  all  beds  and 
joints  are  at  true  right  angles,  with  the  face  of  the  stone  or  the  direction  of 
the  superincumbent  pressure  of  the  weight  above,  so  that  the  pressure  on 
the  stones  is  equally  distributed  over  the  whole  area  of  the  stone — uneven- 
ness  tending  to  cause  the  angles  to  split  off  the  stone,  from  the  influence 
of  gravity,  making  it  take  its  proper  bed  and  bearing  under  the  pressure  (as 
fig.  198),  or  sometimes  the  stone  cracks  (as  in  fig.  199). 


Fig. /9a. 


Fig  193. 


Bonders  and  their  uses  will  be  dealt  with  later  on,  in  connection  with 
the  subject  of  walling. 

There  are  two  classes  of  building  stone  in  general  use,  called,  from 
their  respective  composition,  sandstones  and  limestones.  Sandstone  is 
composed  of  pure,  clean  sand,  cemented  together  by  carbonate  of  lime 
or  of  magnesia  and  other  binding  substances,  while  limestone  is  little  more 
than  pure  carbonate  of  lime.  The  varieties  of  stone  are  of  numerous 
colours,  including  red,  blue,  brown,  white,  and  yellow,  and  their  innu- 
merable shades.  The  grain  varies  from  fine  to  coarse,  with  beds  which 
are  oftentimes  difficult  to  distinguish,  some  being  close  and  some  open? 
though  their  strength  may  be  the  same. 

Sandstones. — Sandstones  are  used  for  paving,  general  building  pur- 
poses, carving,  or  for  heavy  engineering  works,  on  account  of  their  great 
power  to  resist  compression,  some  of  the  best  qualities  being  capable  of 
resisting  a  pressure  of  between  600  and  700  tons  per  square  foot  before 
they  crack  even,  and  more  before  being  crushed  completely.     They  are 
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hard,  though  free-working,  and  durable ;  they  absorb  from  8  to  lo  per 
cent,  of  water;  and  their  weight  is  from  120  to  170  lbs.  per  cubic  foot. 

A  good  sandstone  should  be  of  an  even  grain,  and  crystalline  in  texture. 
\Mien  chipped  into  clear  water,  and  stirred  about,  it  should  not  make  the 
water  muddy;  and  it  should  absorb  no  more  than  10  per  cent,  of  water 
when  poured  on  to  it,  while  for  work  requiring  strength  it  should  be  capable 
of  taking,  at  the  very  least,  350  tons  per  square  foot  in  compression  before 
fracture  takes  place. 

The  best  and  most  well-known  sandstones  are  as  follows  : — 

Craigkith  stone  is  the  most  durable  in  Great  Britain,  found  near 
Edinburgh.  It  contains  98  per  cent,  of  pure  sihca,  with  i  per  cent,  of 
carbonate  of  lime.  It  is  of  a  greyish  colour,  very  hard,  durable,  and 
strong — some  beds  being  three  times  as  strong  as  Aberdeen  granite — and 
of  such  a  fine  grain  that  it  may  hardly  be  called  a  grit.  It  takes  a  very 
fine  arris,  and  never  wears  smooth.  Its  principal  use  is  for  steps,  paving, 
etc.,  and  heavy  engineering  works  requiring  great  strength. 

The  Derbyshire  sand  or  gritstones  are  a  very  useful  and  good  stone, 
weathering  well,  carrying  a  fine  arris  and  nice  even-coloured  face,  especially 
the  Burntwood  and  other  fine  Darleydale  qualities,  which  have  been  proved 
to  withstand  a  smoky  atmosphere  where  other  stones  have  decayed ;  and 
the  coarser  qualities,  found  near  Matlock  Bridge,  have  great  powers  of 
resistance  to  crushing,  rendering  them  most  suitable  for  pad-stones,  engine- 
beds,  and  column-bases.  Stone  blocks  of  such  a  size  as  8  feet  square  and 
3  feet  deep  are  often  procured  out  of  the  best  quarries. 

Forest  of  Dean  stone  is  found  in  Gloucestershire,  among  the  coal 
measures.  It  is  both  soft  and  hard,  according  to  bed,  the  best  yielding  a 
hard  stone,  of  a  fine  grit,  which  can  be  quarried  in  large  blocks. 

Mansfield  stone  is  found  in  Nottinghamshire,  and  of  two  kinds,  re- 
spectively red  and  white  in  colour.  It  is  a  close  crystalline  gritted  stone, 
quarried  in  large  blocks,  has  a  nice  uniform  appearance,  is  easily  worked, 
weathers  well,  and  is  suitable  for  dressings,  pavings,  stairs,  and  ornamental 
work  generally.  Mansfield  stone  is  called  a  dolomite,  and  contains  almost 
equal  quantities  of  the  carbonates  of  magnesia  and  lime. 

The  Yorkshire  stones  are  of  many  varieties,  including  Bramley  Fall, 
Scotgate  Ash,  Parkspring,  Robin  Hood,  Elland  Edge,  Howley  Park,  and 
Spinkwell ;  most  of  which  are  good  hard  stones,  suitable  for  paving,  dress- 
ings, pad-stones,  and  engineering  work.  They  work  and  weather  well, 
stand  considerable  wear,  and  are  close  and  even  in  the  grain,  brown  or 
blue  in  colour,  and  of  numerous  shades. 

The  Yorkshire  quarries  are  worked  by  open  workings,  or  by  shafts,  in 
a  similar  manner  as  coal,  some  of  the  beds  being  sandstones  of  the  lower 
coal  measures.  The  depth  of  stone  varies  from  a  few  feet  to  over  two 
hundred   feet   below  the  surface.      The  quarries  produce  "blocks"  and 
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"flagstones" — the  latter  being  converted  into  stills  for  chemical  works, 
flagging  for  streets,  kitchens,  passages,  etc. ;  while  the  thinner  lifts  are  used 
as  roofing  "slabs,"  the  small  pieces  of  the  flags  being  dressed  into  wall 
stones. 

The  block  stone  produces  the  thicker  kinds  of  flagstone,  and  is  sawn  into 
slabs  for  use  in  staircases,  chimneypieces,  dressings,  and  monumental 
work;  the  waste  or  smaller  pieces  being  converted  into  "setts"  and 
"paviors"  for  streets. 

Of  the  brown  and  blue  varieties  found,  it  must  be  understood  that  the 
latter  is  by  far  the  better  stone  where  strength  is  required,  it  being  capable 
of  taking  a  weight  of  668  tons  before  cracking,  and  728  tons  before  being 
crushed,  whereas  brown  will  only  bear  the  pressure  of  484  and  514  tons 
respectively,  these  results  being  obtained  on  6-inch  cubes. 

Runcorn  is  a  good,  useful,  strong,  durable,  red  building  stone,  found 
near  Liverpool,  being  free-working,  and  of  nice  open  grit. 

Cefn,  a  yellow  grit  stone,  of  fine  grain,  is  found  in  Wales,  and  used  for 
most  building  purposes. 

HoUington  is  another  good  weathering  sandstone,  either  red  or  white 
in  colour,  found  in  Staff'ordshire,  and  very  often  used  for  general  building 
purposes. 

Limestones. — Limestones,  as  a  whole,  are  inferior  as  building  material 
to  sandstones  generally,  though  Portland  may  be  considered  as  excepted 
from  that  category.  They  consist  of  almost  pure  carbonate  of  lime,  and 
are,  of  course,  aff"ected  by  the  sulphurous  and  smoky  atmosphere  of  large 
manufacturing  towns,  which  gradually  eats  away  the  stone.  Compared 
with  sandstones,  as  a  building  stone,  they  are  less  durable;  they  weigh 
from  116  to  150  lbs.  per  foot  cube,  withstand  a  pressure  of  about  250  tons 
per  square  foot,  and  are  much  more  easily  worked,  especially  when  freshly 
quarried  and  green  with  quarry  sap. 

The  best  of  the  limestones  are  dense  and  uniform,  both  in  structure 
and  composition,  with  a  fine  even  grain,  and  crystalline  texture ;  and  more- 
over, they  will  weather  well,  and,  especially  in  some  atmospheres,  are  the 
most  economical  stone,  being  preferred  for  their  uniform  colour  and 
facility  of  working.  They  are  often  coated  with  other  substances,  to 
preserve  them,  as  will  hereinafter  be  explained. 

A  good  limestone  should  have  most  of  the  qualities  enumerated 
above,  absorb  no  more  than  17  per  cent,  of  water,  and  be  free  from 
any  earthy  or  dull  appearance.  There  are  several  classes  of  limestone, 
including  the  Compact,  the  Granular^  the  Shelly^  and  the  Magnesian.  The 
first  of  these  is  chiefly  used  for  road  material,  pavings,  etc. ;  wherefore  it 
is  unnecessary  to  refer  to  it,  not  being  a  building  material. 

Granular  limestones,  as  the  name  implies,  consist  of  grains  of  car- 
bonate of  lime  cemented  together  by  the  same  substance  ;  and  they  belong 
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to  the  Oolite  formation,  those  with  large  grains  being  called  Pisolites 
or  Pea  stones^  and  those  with  small  grains  Roe  stones,  because  they 
resemble  the  roe  of  a  fish  in  appearance.  They  are  of  a  brown  or  yellow 
colour,  and,  from  their  nature,  rather  absorbent,  and  liable  to  the  attack  of 
icid  in  a  town  atmosphere  ;  though  some  of  them  are  less  so  than  others, 
md  will  weather  well  in  ordinary  positions.  Among  their  number  must  be 
included  several  very  good  and  commonly  used  building  stones,  viz. : — 

Bath  Stone  is  perhaps  the  best-known  building  stone  in  the  country, 
reing  a  free-working  oolite,  containing  95  per  cent,  of  pure  carbonate  of 
lime,  and  of  various  kinds — including  Box  Ground,  Coombedown,  Monks 
Park,  Corngrit,  Corsham  Down,  Farleigh  Down,  Westwood  Ground,  and 
Winsley  Ground — all  similar  in  general  appearance,  and  only  to  be 
correctly  distinguished  from  one  another  by  a  skilled  and  practised  eye. 
St.  Aldhelm  Box  is  the  best  w^eathering  stone  of  the  lot ;  and  Corsham  or 
Monks  Park  is  the  most  suitable  for  external  work,  other  than  weatherings  ; 
while  the  other  varieties  are  only  fit  for  interior  work,  though  they  are 
good  soft  suitable  stones  for  inside  purposes. 

The  Bath  Stone  quarries  are  really  stone  mines,  because  they  are 
worked  partly  underground,  the  depth  of  stone  varying  from  6  to  20  feet, 
running  in  fairly  level  beds,  increasing  in  depth  the  lower  they  get.  The 
quarrying  is  done  by  the  use  of  pick  and  saw,  without  any  explosive, 
a  horizontal  groove  about  10  inches  high  and  5  feet  deep  being  picked  out 
next  the  ceiling  of  the  mine,  into  which  groove  the  quarryman  puts  a  saw, 
working  downwards  to  the  bottom  of  the  bed,  nearly  4  feet  down. 
Another  cut  is  then  made  at  a  distance  of  3  feet  from  the  last,  and 
directed  towards  it  at  the  back,  making  the  stone-block  narrower  at  the 
back  than  in  front.  The  block  is  then  got  by  means  of  wedges  inserted 
under  the  bed,  at  the  bottom,  and  into  the  saw  cuts  at  the  side,  and  these 
being  driven  home,  they  burst  the  stone  off  at  the  back,  and  the  block  is 
brought  out.  The  quarrymen  then  have  a  start  into  that  bed  or  beds, 
the  other  stones  being  easily  procured  afterwards,  and  trimmed  with  axes 
and  saws  into  the  required  sizes  of  blocks. 

The  colour  of  Bath  Stone  may  be  said  to  be  light  brown,  creamy,  or 
stone  colour.  It  is  of  a  nice,  even  nature,  and  good,  when  free  from  yellow 
or  earthy  beds,  easily  worked,  and  suitable,  in  one  or  other  of  its  varieties, 
for  most  purposes — especially  when  coated  with  the  fluate  which  the 
"  Bath  Stone  Firms  Limited  "  recommend  as  a  means  of  hardening  and 
preserving  its  face — so  that,  taking  all  things  into  consideration,  it  is  a 
most  useful  building  stone. 

Portland,  containing  95  per  cent,  of  pure  carbonate  of  lime,  is,  in  very 
many  ways,  a  splendid  stone,  of  the  Oolite  formation,  found  in  the  island 
of  Portland,  in  quarries  with  generally  three  different  beds,  in  use  for 
different  purposes,  as  follows: — 
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The  roach  bed,  the  first  good  one  found  in  the  quarry,  is  a  mass  of 
fossils,  thoroughly  cemented  together  with  pure  carbonate  of  lime.  The 
fossils  are  like  a  corkscrew  in  form,  and  only  appear  in  this  bed,  which  is 
of  a  light  brown  colour,  very  tough  and  strong,  and  of  a  very  high  resist- 
ance to  the  action  alike  of  air  and  water ;  so  that  it  is  in  great  requisition 
for  engineering  works  of  all  kinds,  though  not  for  ordinary  building  pur- 
poses, on  account  of  the  fossils  and  the  holes  in  it. 

The  whit  bed,  of  either  a  white  or  brown  tint,  comes  next  to  the 
roach,  and  is  a  fine,  open,  well-cemented,  hard,  and  crystalline  stone, 
suitable  for  the  best  buildings,  and  capable  of  taking  a  good  arris  and 
smooth  face,  while  it  weathers  excellently  well.  It  is  "  roe  "-like  in 
appearance  under  a  microscope,  and  hard  to  distinguish  from  the  "  base 
bed,"  an  inferior  quality  found  lower  down  in  the  strata. 

Next  to  the  whit  bed  comes  the  bastard  roach ;  distinct  from  the  true 
roach,  which  it  resembles  in  appearance,  though  it  never  contains  the 
"  screw "  fossil  among  its  mass  of  fossils,  and  its  cementing  matter  is  so 
bad  that  it  is  altogether  inferior;  in  fact,  not  fit  to  use  at  all  for  any 
purpose. 

The  base  bed^  coming  next,  is  a  similar  stone  to  the  whit  bed,  but 
not  so  good,  being  softer  and  not  able  to  withstand  the  weather ;  though 
it  is  often  substituted  for  the  whit  bed,  from  which  it  can  hardly  be 
distinguished. 

Caen  is  a  soft,  creamy-coloured  stone,  used  only  for  internal  work, 
carving,  etc.,  and  is  found  in  Normandy. 

Chilmark,  Tisbury,  or  Wardour  stone  is  more  of  a  sandy  nature, 
found  near  Salisbury,  and  considered  to  be  a  good,  durable,  fair-working 
stone,  which  weathers  well,  and  can,  from  certain  beds,  be  adapted  for 
internal  staircases,  not  exposed  to  extraordinary  wear,  besides  being  suit- 
able for  general  purposes. 

Ketton  is  another  good,  useful  stone  of  this  formation,  and  one  which 
shows  the  "  roe-stone  "  grains  very  plainly.  It  is  found  near  Stamford  in 
three  qualities,  the  hard,  medium,  and  soft;  the  best  of  which  is  very 
durable,  free-working,  and  suitable  for  all  kinds  of  dressings  and  stairs. 

Of  the  Shelly  limestones,  the  only  one  of  any  note  used  for  building 
purposes  is  the  Hopton  Wood  (found  in  Derbyshire),  which  is  a  very  hard 
stone,  looking  well  on  account  of  the  fossils  it  contains.  It  is  capable  of 
taking  a  polish,  and  is  suitable  for  steps,  staircases,  chimneypieces,  and 
other  ornamental  work. 

The  Magnesian  limestone  formation  supplies  us  with  a  few  good  stones, 
which  are  called  Dolomites  (as  previously  mentioned),  the  chief  variety 
being  Bolsover  stone,  found  in  Derbyshire,  of  a  light  yellow-brown  colour, 
and  of  great  durability.  It  is  crystalline,  and  very  even  in  texture,  and 
was  extensively  used  in  the  erection  of  the  present  Houses  of  Parliament 
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Stone  Walling. — In  stone  walls,  the  material  should  be  bonded  just 
the  same,  and  for  the  same  object,  as  in  brick  walls— />.,  as  regards 
breaking  joint  both  vertically  and  horizontally;  though  this,  for  obvious 
reasons,  cannot  be  done  in  rubble  walls.  Consequently  such  walls  are 
weaker,  and  of  necessity  have  to  be  thicker  to  be  of  the  same  strength 
as  brick  and  other  uniformly  bonded  walls.  Moreover,  rubble  walls — 
the  stones  from  which  they  are  built  having  neither  square  beds  nor  joints 

require  a  greater  quantity  of  mortar  to  bed  each  irregular-shaped  piece 

of  stone,  and  as  a  result,  there  is  more  and  unequal  settlement  in  them 
on  the  drying  of  the  mortar.  This  is  a  defect  which  cannot  but  have 
prejudicial  results  when  rubble  walls  are  faced  with  brick  or  stone,  set  with 
quare  bads  and  joints,  and,  of  course,  less  mortar. 


F,g  200. 


fig  201 


The  facings  or  linings  (whether  of  brick  or  stone)  to  rubble  stone  walls 
may  be  thoroughly  bonded,  as  in  fig.  200,  which  is  a  section  of  a  brick- 
lined  rubble  wall ;  but  this  has  little  advantage  as  regards  their  strength 
as  a  whole. 

On  an  average,  no  less  than  three  bonders  should  be  used  to  each 
superficial  yard  of  stone  facing  to  rubble  walls,  though  the  necessary 
number  of  such  bonders  varies  from  five  in  thin-coursed  facing,  such  as 
shown  in  figs.  206,  207,  208,  209,  and  210,  to  only  one  in  large  block-in- 
course  work,  as  fig.  212.  These  bonders  may  either  be  what  are  called 
throughs,  which  go  from  face  to  back  of  the  wall,  or  three-quarters 
bonders — the  latter,  I  think,  being  preferable  to  the  former  on  account  of 
the  unequal  settling,  which  would  cause  the  through  bonders  to  split 
in  two,  especially  in  double-faced  walls  (as  fig.  201),  when  they  would 
take  the  form  of  lintels,  supporting  the  part  of  the  wall  above,  and  forming 
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no  uniform  mass  as  it  should  be.     Another  disadvantage  is  that  "  through  " 
bonders  of  porous  stone  conduct  damp  and  moisture  into  a  building. 

The  courses  of  stone-facing,  in  addition  to  special  bonders,  as  previously 
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explained,  should  not  be  all  of  one  depth  on  the  bed,  where  it  is  possible 
to  have  them  of  depths  similar  to  brickwork — i.e.,  with  two  or  three  courses 
of  about  4I  inches  or  more  on  bed  to  one  of  about  9  or  12  inches,  and  so 
on,  in  like  principle  and  proportion. 
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The  different  kinds  of  stone  walling  or  stone  facing  dcc^— Random 
rubble^  illustrated  by  figs.  202  and  203,  in  elevation  and  section  ;  from 
which  it  will  be  seen  that  it  is  stronger  and  more  solid  when  not  faced, 
though  weak  under  any  circumstances. 

Random  rubble  built  up  to  courses,  as  in  figs.  204  and  205,  is  little  better 
than  the  last,  though  levelled  up  at  every  foot  or  two  of  height. 
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Sijiia7'€d  or  sjiecked  uncoursed  rubble^  as  figs.  206  and  207,  is  far  superior 
in  every  way  to  either  of  the  preceding,  being  built  of  stones  which  have 
had  their  beds  and  joints  squared  or  snecked,  and  consequently  require 
less  mortar,  with    less    moisture   to  dry  up   and  cause   settlements.     In 
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snecked  or  squared  rubble,  to  ensure  the  best  work,  the  jumpers,  or  large 
blockers  rising  above  their  neighbours,  should  not  be  more  than  10  inches 
high,  and  proportionate  to  the  size  of  the  adjoining  courses. 
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Squared  or  snecked  rubble  built  up  to  courses  is  illustrated  by  figs.  208 
and  209,  where  it  will  be  seen  that  this  kind,  like  "  rubble  built  up  to 
courses,"  though  of  stones  irregular  in  size,  can  be  built  up  and  levelled  as 
a  horizontal  course  every  12  to  18  inches  instead  of  every  course,  or  not 
at  all. 
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Squared  or  snecked  coursed  rubble,  which  it  will  be  seen  demands  that 
eich  rise  of  stone  shall  form  a  horizontal  course  of  its  own,  is  illustrated  by 
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Ashlar,  as  shown  in  fig.  211,  is  the  finest  of  all  facing,  being  built  on 
a  regular  system,  and  with  finely  chiselled,  perfectly  horizontal  beds  and 
vertical  joints,  so  that,  when  set  in  the  work,  the  joints  show  no  more 


2H 


than  |th  of  an  inch ;  and  good  ashlar  is  never  supposed  to  rise  more  than 
9  or  10  inches  in  a  course  ;  and,  in  limestone  or  soft  stones,  each  stone 
hould  be  no  more  in  length  than  three  times  its  height,  or  in  depth  i| 
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times  to  twice  its  height—/.^.,  on  the  bed.  Sandstone  will  take  about  half 
as  much  again — i.e.^  4^  times  its  height  for  its  length,  and  from  2  to  3 
times  for  its  depth. 

Block  in  course^  which  really  is  large  ashlar,  or  that  which  exceeds  the 
limit  in  height,  rising  from  10  to  16  inches  each  course,  is  illustrated  by 
fig.  212. 

Limestone  Facings  (as  sho\\Ti  in  figs.  206,  208,  210,  211,  and  212) 
may  have  the  faces  of  the  stones  treated  in  various  ways,  as  follows  : — 

1.  Axed  J  by  which  is  meant  that  the  face  is  gone  over  with  a  mason's 
axe,  leaving  rough,  irregular,  coarse,  vertical  ribs  or  marks. 

2.  Cliopped^  which  is  a  superior  finish  to  the  last-named,  the  ribs  being 
much  closer  and  finer. 


F,g  211 

3.  Rock-faced^  in  which  the  beds  and  joints  are  squared,  as  in  the 
others,  but,  from  a  line  all  round,  the  face  is  knocked  off  slanting  from 
the  four  sides  towards  the  centre  to  look  rough  and  with  a  rock-like 
appearance. 

4.  Dragged  is  the  finish  made  on  plain  limestone  ashlar  by  means 
of  a  tool,  toothed  like  a  saw,  which  is  drawn  backwards  and  forwards 
across  its  face. 

Combed  is  the  term  applied  to  the  finishing  off  of  moulding  in 
limestones. 

Sandstone  Facings  of  a  hard  nature  may  be  treated  as  follows  : — 

1.  Scapp/ed,  or  scabbled,  punched,  or  boasted,  which  are  terms  applied 
to  the  rough  labour  employed  on  beds,  and  the  rough  squaring  up  of 
hard  stones  for  engine  beds,  etc. 

2.  Chiselled  work  has  the  face  worked  over  either  on  the  straight  or 
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skew  with  a  chisel,  the  marks  or  "  bats  "  often  being  as  close  as  8  to 
the  inch. 

3.  Too/ing  is  done  with  a  broad  "chisel,"  the  strokes  being  parallel 
to  the  joints,  and  from  3  to  5  to  the  inch.  (This  is  called  "  droved  "  work 
in  Scotland.) 

4.  Hammer- dressed  is  the  term  applied  to  work  done  with  a  hammer 
with  a  chisel  point,  by  which  the  face  is  roughly  levelled,  leaving  indents 
where  the  chisel  has  been.     It  is  also  called  "  broached  "  work. 

5.  Scutched  work  is  similar  to  the  last,  but  more  finely  executed. 

6.  Drafted  and  broached  is  the  term  used  for  the  work  done  to 
quoins,  a  draft  or  margin  being  chiselled  or  tooled  round  the  face  of 
the  stone,  and  the  panel  enclosed  thereby  is  hammered  or  broached 
down  to  give  it  a  rough  appearance. 

7.  Drafted  and  diatnond-picked  or  hammered  work  is  similar  to  the 
last,  but  the  panel  from  its  roughly  chiselled  face  is '*  picked  up"  by  a 
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number  of  small  points  in  the  form  of  a  hammer,  which  is  like  "  frosted "' 
work  on  tombstones; 

8.  Vermiculated  work  is  that  used  in  large  base  stones ;  the  face  being 
first  chiselled,  and  afterwards  large  deep  holes  are  picked  out,  no  maik 
of  the  tool  being  left,  as  in  fig.  213. 

9.  Rubbed^  cleansed,  or  polished  work,  as  the  name  implies,  has 
its  face  smoothly  rubbed,  after  being  chiselled  down  level  or  to  the 
required  shape. 

10.  Pointed  work  has  its  face  first  chiselled,  after  which  the  "chisel 
hammer"  is  driven  along  its  face  longitudinally  with  a  long  sweep 
whereas  "  scutching "  is  done  with  short  strokes. 

Polled  work  is  the  term  applied  to  hard  stones  such  as  granite  and 
whinstones,  a  large  square  short  hammer  being  used  to  split  and  square 
up  the  stones. 

Some  stones,  and  especially  limestones,  in  some  atmospheres  will 
never  weather  nor  last  without  being  coated  over  with  some  material 
There  are  numerous  preparations  which  are  recommended  in  order  to 
prevent  this  decay,  those  containing  a  silicate  of  an  alkaline  nature 
being  the  most  efficacious ;    though   such  simple  things   as  paint,  soft 
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soap,  milk,  or  paraffin  are  frequently  used,  in  a  smaller  degree,  with  a 
fair  amount  of  success.  The  best  remedies  now  in  use  may  be  said 
to  be :  (i)  Szerelmy's,  said  to  be  a  bituminous  solution  of  a  silicate, 
which  is  applied  in  two  or  three  coats  with  a  brush  ;  and  (2)  Carbolinium 
Avenarius,  a  preparation  made  by  Peters  of  Derby,  which  is  said  to 
preserve  both  stone  and  wood  with  success.  The  Houses  of  Parliament 
were  coated  with  Szerelmy's  solution. 

The  Bath  stones  class  should  be  coated  with  the  "  fluate  "  recom- 
mended by  the  firms  who  supply  the  stone. 


CHAPTER  VI 


STONE  DRESSINGS,  JOINTS,  AND  STAIRS. 

Plinths— Sills,  Heads,  and  Jambs — Mullions  and  Transoms — Hoods  or  Labels— Strings 
and  Cornices— Parapets  and  Balustrades — Quoins — Copings— Joints— Steps — Hand- 
railing. 

Stone  dressings  are  used  for  the  ornamental  finishings  of  a  building, 
being  worked  to  various  details  out  of  free-working  stones ;  and  they  may 
be  said  to  include  the  following  different  members  {vide  figs.  214,  etc.) : — 
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Plinths^  the  horizontal  course  A,  on  fig.  214,  which  can  be  either 
chamfered,  as  shown  in  fig.  215,  or  moulded,  as  fig.  216,  a  "set-off" 
generally  taking  place  at  this  level. 
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Siils,  as  at  B,  on  fig.  214,  are  the  finish  to  the  bottom  of  openings  for 
windows,  in  contrast  to  steps  for  doors,  their  object  being  to  throw  off  the 
water  which  naturally  would  collect  on  a  flat  surface.     They  can  be  plain. 


Fia  213. 
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shown  in  elevation  and  section  in  figs.  217  and  218,  or  moulded,  as 
figs.  219  and  220.  They  should  project  not  less  than  2  inches  beyond  the 
wall  line,  and  be  throated  (as  at  X)  on  the  underside,  to  make  the  water 
drop  down. 
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Sills  are  built  into  the  jambs  from  3  to  6  inches ;  the  portion  on  which 
the  first  jamb,  brick,  or  stone  is  bedded  truly  level  as  a  bed  to  start  from  bein^ 
called  a  stooling,  or  seat  (as  A  on  figs.  217  and  219);  the  weathering  at  B 
being  stopped  and  worked  up  to  it,  and  the  moulding  mitred  and  returned 
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and  stopped,  as  on  figs.  219  and  220.  It  is  also  necessary  that  sills  be 
grooved,  to  receive  the  lower  half  of  a  metal  tongue,  of  which  the  upper 
half  is  also  let  into  the  underside  of  the  wood  sill,  to  stop  any  draught 
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Section 
Fi(j  220 


from  getting  between  the  beds,  as  at  C,  figs.  218  and  220;  and  stone  sills 
are  only  bedded  in  mortar  under  the  jambs  and  mullions  to  prevent 
cracking  on  the  building  taking  its  settlement ;  they  are  "  pointed  up  " 
afterwards. 


Elevadon 
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Heads^  as  C  on  fig.  214,  support  the  wall  above  the  opening,  and  may 
be  either  plain  and  square,  as  figs.  221  and  222,  moulded,  as  figs.  223  and 
224,  the  moulding  being  stopped  at  the  jamb,  or  stop-chamfered,  as  figs. 
225   and  226 — the   heads  in  the  preceding  cases  being  revealed  for  the 
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head  of  the  frame,  as  marked  X  in  figs.  222  and  224,  whereas  fig.  226  is 
plain  at  the  back. 
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Elevation. 
Fi^.227. 


JaiiidSj  D  on  fig.  214,  are  the  finishings  to  the  angles  of  openings,  where 
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Stone  is  used  instead  of  bricks,  each  stone  being  made  of  such  dimensions 
as  will  work  in  with  the  bricks  without  cutting.  They  may  be  either 
moulded  plain  or  chamfered—  as  the  heads ;  and  those  which  are  the  wider 
on  the  face  (as  at  i,  figs.  227  and  228)  are  called  "out-bands,"  and  the 
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narrower  ones  (as  at  2,  figs.  227  and  229)  are  called  *'  in-bands,"  because 
they  go  inwards  beyond  the  reveal,  and  are  checked  or  revealed  out,  for 
the  frame,  as  shown  on  plans  (figs.  228  and  229).  They  can  be  moulded 
or  chamfered  on  the  edge. 
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Mullions  are  the  uprights  between  two  lights  of  a  window,  as  X  on 
fig.  230 ;  and  they  may  be  either  square  on  plan,  as  at  A,  revealed,  as  B, 
or  moulded  and  panelled,  as  C  {vide  fig.  231). 

Transoms  divide  the  window-lights  horizontally,  as  Tr  on  fig.  230, 
being  weathered  on  the   top  bed  and  throated  underneath,  as  fig.   232, 
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and  with  stoolings,  like  sills,  to  give  the  perpendicular  members  a  level 
bed  to  start  from. 

Hoods  or  Labels  are  mouldings,  either  worked  on  the  solid  head  or  of 
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Sill 
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thin  stone  moulded  on  the  edge,  as  fig.  233.     They  are  placed  over  window 
and  door-heads  to  give  them  a  greater  effect. 

Strings  are  longitudinal  horizontal  courses,  either  plain  or  moulded, 


Fig  23^ 

running  round  a  building  and  dividing  it  in  height,  as  it  were,  into  floors, 
as  E,  fig.  214;  or  simply  a  continuation  of  the  sills  between  openings, 
as  F.  Fig.  234  gives  sections  of  a  plain  weathered  and  throated  and  a 
moulded  string  course. 
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Cornices  are  the  longitudinal  mouldings  which  go  along  the  top  of  the 
building,  as  H,  fig.  214,  being  weathered  on  top  and  more  or  less  moulded, 
as  fig.  235.  When  they  are  quite  plain,  and  only  used  for  supporting  the 
gutter  of  the  roof,  they  are  called  eaves  courses. 

Blocking  courses  are  the  top  members  or  crown  of  a  cornice,  as  G, 
fig.  214,  and  X,  fig.  235  ;  whereas  2l  frieze  is  the  plain  part  below,  and 
the  small  moulding  below  that  is  called  the  necking. 

Parapets  are  thin  walls,  at  the  eaves  of  a  roof,  behind  which  the  gutters 
are  formed  ;  and  they  take  the  place  of  the  blocking  courses,  where  greater  I] 
height  is  required. 
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Balustrades  are  used  for  r.  similar  purpose ;  but  they  are  of  a  lighter 
and  more  ornamental  appearance,  consisting  of  turned  balusters  enclosed 
within  a  base  and  cornice,  as  fig.  236. 

Quoins  are  the  stones  used  at  the  angles  of  the  building,  being  made 
to  range  with  the  brickwork.  They  vary  in  size  from  18  inches  to  14  inches 
on  the  one  face  by  from  10  to  13  inches  high,  and  the  return  face  would 
be  9  or  14  inches  wide,  the  stones  being  of  the  same  size,  but  placed  alter- 
nately to  show  a  long  face  in  front  and  a  short  one  on  the  return,  and  rice 
versa,  as  figs.  237  and  238.  Of  course,  m  stonework  they  are  larger  in 
size,  according  to  the  character  of  the  building. 
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Plain-cut  quoins  are  those  shown  in  figs.  237  and  238. 
Drafted  and  hammer-dressed  quoins  are  of  the  same  sizes,  but  with  the 
faces  worked,  as  previously  explained  in  Chapter  V. 
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Drafted  and  diamond-picked^  rock-ftued^  vermiculafed^  tooled^  or  chiselled 
quoins  are  similar  in  size  and  application,  but  worked  in  a  different  manner 
as  the  name  implies  {vide  also  Chapter  V.). 


Elevation 
Fi^.238. 
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Rusticated  quoins  are  as  fig.  239,  h.'.vJng  a  rebate  sunk  out  of  every 
alternate  stone  at  the  bed. 


So 
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A  chamfer  on  each  joint  or   bed,  forming   a  V  joint   between   the       1 
two  beds,  is  often  substituted  for  the  plain  rebate,  as  fig.  240 ;  or  again, 
the  joint  may  be  moulded,  as  fig.   241. 


rig.  2^0.  ri<j.2ii. 

Birdsmouth  and  squint  quoins  refer  to  the  irregular  internal  and 
external  angles,  as  explained  for  bricks. 

Scuntion  quoins  are  the  rough  squared  angle  quoins  used  in  rubble 
walling  at  the  plumbings  of  internal  openings. 

Copijtgs   to  walls,  otherwise   called    water   tailings^  ate    explained    in 
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Chapter  IV.  (figs.  193,  194,  195,  196,  and  197)  under  Brickwork;  the 
same  remarks  and  illustrations  applying  to  stone  copings,  which,  it  must  be 
noticed,  are  much  extensively  used ;  and  especially  up  the  sloping  tops  of 
gable-walls,  as  X,  fig.  242. 

The  bottom  stone.  A,  with  the  coping  worked  on  it  as  shown,  is  called 
a  springer;  that  at  the  top,  B,  the  apex,  being  similar  to  a  ridge ; 
and  intermediate  stones,  C,  whereof  the  object  is  to  give  the  coping  a 
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firmer  hold  on  the  wall,  are  called  kneekrs  or  knee-stoftes.  Fig.  243 
is  a  section  of  the  coping  described  as  moulded,  throated,  and  feather- 
edged,  because  it  is  weathered  from  a  thick  edge  to  a  thinner  one. 

It  is  almost  needless  to  remark   that   most   of  the   above  dressings 
are  worked  with  labours  similar  to  those  explained  in  Chapter  V. ;  so  that 
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a  special  name  given  to  a  particular  dressing  is  intended  to  convey  to  the 
student  the  manner  of  the  labour  that  it  has  had  upon  it,  as  previously 
explained  with  regard  to  quoins. 

Good  masonr}'  often  requires  that  the  joints  be  secured  together  by 
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special  means,  so  that  the  various  members  may  be  united  into  one 
mass,  in  length  as  well  as  in  height.  Longitudinally  they  are  bound 
together  by  means  of  cramps^  which  are  strips  of  galvanised  iron  or 
copper,  turned  down  at  each  end  into  each  of  two  adjoining  stones  and 
run  in  with  molten  lead,   or  "  leaded   in,"  as  figs.   244  and  245. 


P\&n. 
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Lead  dovetails  or  plugs  consist  of  a  wedge-shaped  mortise  cut  into 
each  stone  at  this  joint,  as  fig.  246,  and  run  in  with  lead,  which  binds 
the  two  stones  together.  Sometimes  this  dovetail  is  mortised  out  below 
the  bed  of  the  stones  at  the  joints,  as  fig.  247,  the  lead  being  poured 
in  through  the  hole  from  the  top  or  bed-joint. 
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Rebated  joints  are  suitable  for  copings  to  gables  and  similar  work, 
a  rebate  being  sunk  out  of  each  stone  alternately,  as  fig.  248,  one  stone 
lapping,  as  it  were,  into  the  rebate  of  the  other. 

The  stones  are  secured  vertically  by  means  of  dowels^  either  of 
pebbles,  slate,  or  copper,  about   i  inch  square,  and  of  different  lengths, 
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according  to  circumstances ;  one  half  or  part  being  let  into  the  top  bed 
of  the  bottom  stone,  the  other  half  going  into  a  similar  mortise  on  the 
bottom  bed  of  the  upper  stone,  as  fig.  249.  They  are  run  in  with  cement 
to  render  them  firm  and  to  fix  the  dowels  securely  in  the  mortises. 
This  joint  is  very  suitable,  and  much  used  for  securing  mullions  to 
sills,  heads,  and  transoms  at  the  stoolings. 
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Joggle  joints  are  used  to  connect  stones  in  different  positions,  this 
form  of  joint  being  suitable  for  ashlar,  as  well  as  for  cornices,  strings, 
landings,  etc.  The  simplest  form  of  it  is  to  cut  a  V  groove  roughly  on 
the  joints  of  adjoining  stones,  as  fig.  250,  and,  when  they  are  bedded 
up  to  each  other,  to  run  into  the  hole  liquid  cement,  which  sets  hard, 
and   connects   the   stones    together.      Landings  are  joggle-jointed,   as   in 
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fig.  251,  the  tongue,  as  it  may  be  called,  on  the  one  stone  being  let 
into  a  groove  of  similar  section  on  the  other. 

Tabled  joints  are  little  used,  but  they  are  formed  by  letting  a  wide 
projection  of  one  stone  into  a  sinking  in  another. 

Cornices  and  other  large  projections  often  have  their  joints  saddled, 
which  is  done  to  throw  the  water  off  the  joints,  being  carried  out  by 
leaving  a  projection  or  stop  on  the  weathering  at  the  joint  at  each  end 
of  each  stone,  as  fig.  252. 
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Dressings  for  stone  stairs  have  the  same  names  and  terms  (as  far  as 
they  go)  applied  to  them,  as  will  be  explained  under  "wooden  stairs," 
Chapter  XIX.,  to  which  the  student  is  referred.  But  stone  stairs,  unlike 
wood  stairs,  are  of  simple  construction,  though  they  may  be  of  the  same 
various  kinds. 

Stone  steps  consist  of  solid  blocks  of  stone,  of  various  sections — square, 
as  fig.   253,    and    spandril,  as    fig.    254 — each    being  plain   or  moulded, 
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according  to  taste.  They  are  supported  by  being  built  into  the  walls 
from  4^  to  9  inches,  according  to  the  width  of  the  stair  and  the  projection 
of  the  steps,  or  the  distance  to  which  they  hang  out.  Some  kinds, 
however,  are  built  with  both  ends  into  the  walls,  as  in  straight  stairs 
similar  to  fig.  798  (Chapter  XIX.). 

Dog-legged  stairs,  as  fig.  804  (Chapter  XIX.),  whether  with  or  without 
winders,  and  open,  or  geometrical  stairs,  as  explained  by  figs.  812,  815 
(Chapter  XIX.),  are,  of  course,  essentially  hanging  stairs,  tailed  into  the 
enclosing  staircase  walls  from  4-J  to  12  inches,  as  required,  the  landings 
Iso  being  treated  in  the  same  manner.  Each  step  is  supposed  to  assist 
in  supporting  those  above  it,  and  for  that  purpose,  and  for  better  work- 
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manship,  they  are  jointed,  as  figs.  255,  256,  and  257;  the  latter  being^a 
section  of  a  moulded  step,  of  which  the  end  view,  with  the  moulding 
returned,  is  shown  on  fig.  258. 


The  soffits  are  generally  left  plain,  with  a  rubbed  face. 

Circular  stairs,  or  turret  steps,  are  built  up  of  steps  of  a  form  illustrated 
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by  fig.  259,  the  wide  ends  being  built  into  the  wall  and  the  rounded 
ends  laid  one  upon  the  other,  forming  a  sort  of  newel  in  the  centre, 
from  which  all  the  risers  radiate,  appearing  on  plan  as  fig.  260. 


The  handrailing  of  stone  stairs  is  generally  supported  by  wrought- 
iron  bar  balusters,  about  i  inch  square,  mortised  and  leaded  into  the 
tread  of  each  step,  though  sometimes  they  are  secured  by  burning 
liquid  sulphur,  which  sets  very  hard  on  cooling. 


Fig.  259 


Fig.  260. 


The  newels  may  be  of  wrought  or  cast-iron,  according  to  the  amount 
and  class  of  ornament  required,  mortised  and  leaded  into  the  steps  (like 
the  balusters).  The  whole  may  be  filled  in  with  scroll-work  or  other 
ornament,  to  make  it  showy  and  light,  according  to  taste.  The  tops 
of  the  balusters  and  handrail  are  connected  by  a  thin  wrought-iron 
core,  which  is  sunk  into  the  underside  of  the  handrail,  and  secured  by 
screws,  making  the  staircase  and  its  requisite  accessories  one  connected 
mass. 


CHAPTER   VII. 
WOOD   FOR   BUILDING   PURPOSES. 

Carpentry  and  Joinery — Wood  in  the  Tree— Good  and  Bad  Timber— Seasoning  of 
Timber — Preservation  of  Timber — Deal  or  Fir — Elm — Oak — Teak— Mahogany — 
Walnut — Beech — Ash — Sy  ca  more — Birch. 

Carpentry  and  Joinery. — In  one  or  other  of  its  many  and  varied 
kinds  and  forms  wood  is  the  material  which,  in  the  building  trade,  almost 
exclusively,  as  it  were,  belongs  to  the  carpenter  and  joiner,  being  the 
chief  material  to  which  their  labours  are  devoted.  It  will,  therefore,  be 
advisable,  before  entering  upon  a  detailed  description  of  the  various 
kinds,  to  explain  the  difference  between  the  two  trades  above  named ;  for, 
although  practically  allied,  each  uses  either  a  different  kind  of  wood,  or 
different  tools  to  work  it,  or  deals  with  it  in  a  different  method  or  form. 

Carpentry,  generally  speaking,  is  the  term  applied  to  the  woodwork 
in  the  carcase  of  a  building,  including  centres,  floors,  roofs,  partitions, 
and  other  rough  framings,  which  are  required  for  construction,  and  are 
intended,  figuratively  speaking,  to  be  the  foundation  for  the  other  trades, 
including  that  of  the  joiner. 

Carpentry,  in  other  words,  is  the  art  of  putting  together  or  framing  the 
rough  materials  which  form  the  carcase  of  a  building;  whereas  joinery 
deals  with  the  completion  of  the  building  as  regards  interior  finishing, 
convenience,  utility,  and  adornment. 

In  the  former,  the  principal  tools  required  by  the  workman '.are  the 
saw,  axe,  chisel,  and  hammer,  with  which — with  the  supplementary  aid  of 
nails,  screws,  and  bolts — it  is  assumed  that  he  can  put  together  and  fix 
the  various  framings  of  wood  which  are  required,  from  time  to  time,  to 
complete  the  skeleton  of  the  building. 

It  must,  however,  be  understood  that  the  carpenter  requires  quite  as 
good,  and  certainly  as  many  tools,  to  fix  in  position  the  various  finishings 
— whether  they  be  doors  and  windows  with  their  frames,  dados,  skirtings, 
or  any  other  kind  of  moulding  or  framing — as  the  joiner  uses  in  making, 
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moulding,  and  framing  together,  in  the  shops,  those  several  framed  finish- 
ings ready  to  be  sent  to  the  buildings  for  the  carpenter  to  fix  in  their 
proper  positions. 

It  must  also  be  borne  in  mind  that  quite  as  much  care  is  required  in 
fixing  as  in  making  all  kinds  of  joinery,  especially  in  mitring  and  scribing 
the  various  mouldings,  etc.,  together — all  joints  in  joinery  having  to  be 
made  with  the  same  nicety  and  regularity,  whether  those  joints  be  made 
by  the  joiner  in  the  shops,  or  by  the  carpenter  on  the  building,  in 
position. 

The  carpenter,  in  fixing,  must,  of  course,  be  acquainted  with  the  same 
varieties  of  wood  as  the  joiner  (a  full  description  of  joiner's  woods  will 
be  given  later  on) ;  but  in  ordinary  carpentry,  or  framing  together  of  the 
rough  carcase  of  a  building,  the  following  woods  only  are  met  with,  as 
a  rule,  though  perhaps  others  may  be  used  in  special  cases,  the  woods 
being  mentioned  here  in  their  order  of  precedence,  from  the  point  of  view 
of  their  utility  : — 

1.  Pine^  under  which  name  are  included  balk-timber  of  different  kinds, 
and  fir,  in  planks,  deals,  battens,  etc.  These  are  what  are  called  soft 
woods,  and  found  generally  in  cold  climates. 

2.  Oak. 

3.  Elvi. 

4.  Teak  and  Greenheart. 

These  three  are  generally  called  "hard  "  or  "  leaf"  woods. 

On  the  other  hand,  the  joiner  requires  a  plane  in  addition  to  chisels, 
saws,  hammers,  etc.,  to  complete  his  work,  which  includes  the  doors, 
windows,  and  other  external  and  internal  finishings  of  a  building,  whether 
required  for  comfort,  utility,  or  ornament.  His  business  is  to  join  and 
put  together  the  finishings ;  and  the  woods  on  which  he  generally 
labours  are : — 

1.  Finey  but  of  a  "kinder"  nature  and  considerably  better  quality  than 
that  required  for  carpentry. 

2.  Oak, 

3.  Mahogany. 

4.  Teak. 

5.  Walnut. 

These  four  latter  woods,  being  hard,  more  beautiful,  and  much  more 
expensive,  are  only  used  in  best  work. 

Before  proceeding  to  a  full  description  of  each  kind  of  wood,  with  its 
varying  characteristics,  uses,  etc.,  it  will  perhaps  be  advisable  to  deal  with 
a  few  general  points,  including  the  growth  of  the  tree,  the  main  charac- 
teristics of  good  timber,  and  its  defects,  the  means  of  seasoning  and 
preserving  it,  and  a  few  remarks  as  to  the  selection  of  good  timber,  and 
some  of  the  peculiarities  which  are  to  be  avoided. 


88  BUILDING   CONSTRUCTION. 

Wood  in  the  Tree. — All  trees  which  provide  us  with  material 
for  the  carpenter  and  joiner's  use  are  what  are  called  outward-growing 
trees — that  is  to  say,  those  whereof  the  gradually  increased  size  is 
brought  about  by  successive  layers,  which  might  be  said  to  be  formed 
around  the  circumference  of  the  stem  or  trunk,  and  close  underneath 
within  the  bark.  Each  year  generally  adds  one  of  these  layers  or  rings, 
and  consequently  they  are  called  annual  rings  ;  but  each  ring  is,  as  it  were, 
double,  being  made  up  of  two  distinct  layers  of  a  different  nature  and 
colour.  The  darker  layer  is  more  apparent  in  certain  kinds  of  timber, 
and  is  usually  a  source  of  weakness  in  a  varying  degree ;  inasmuch  as 
being,  for  the  most  part,  composed  of  resin,  it  is  of  a  soft  nature,  with  very 
little  power  of  resistance  to  either  compression  or  tension ;  while,  on  the 
other  hand,  the  lighter-coloured  layer  is  that  which  possesses  the  greater 
tenacity. 

The  growth-processes,  of  which  these  annular  rings  are  the  result,  are 
briefly  as  follows  :  The  tree,  during  the  autumn  and  winter,  having  been  to 
all  appearances  dead,  when  spring  comes  round  absorbs,  by  means  of  its 
roots,  a  considerable  amount  of  moisture  out  of  the  soil ;  and  this,  in  the 
form  of  sap,  ascends  the  cellular  tubes  of  the  tree,  and  causes  the  leaves 
and  signs  of  life  to  appear.  As  summer  advances  the  leaves  become 
stronger  and  of  more  substance,  owing  to  the  carbon  extracted  by  them 
from  the  air ;  and  as  autumn  again  draws  near  the  sap,  in  its  more  sub- 
stantial state,  begins  to  descend,  leaving  a  layer  of  wood  immediately 
under  the  bark ;  then  the  leaves,  owing  to  the  loss  of  nourishment,  drop 
off.  This  action  takes  place  each  year,  so  that  the  age  of  a  tree  (in 
ordinary  climates)  can  be  ascertained  by  the  number  of  its  annular  layers 
or  rings.  In  cold  climates,  where  of  course  trees  do  not  grow  so  fast,  the 
rings  are  not  so  thick,  and  the  inner  or  "  heart "  wood  is  more  compressed  ; 
so  that  timber  of  slow  growth  is  considered  to  be  of  greater  strength.  The 
"  heart "  wood  or  "  duramen  "  is  the  strongest,  best,  and  most  durable 
part  of  the  tree,  the  outside  or  sappy  part  being  considerably  weaker,  and 
practically  unfit  for  use. 

In  addition  to  the  annual  layers  or  rings  just  explained,  trees  have 
what  are  called  medullary  rays,  which  are  thin  and  generally  broken  lines, 
radiating  from  the  centre  or  pith  to  the  bark,  and  vice  versa,  as  fig.  261. 
These  medullary  rays  or  transverse  septa  are  not  very  easily  seen  in  some 
woods,  but  in  some  kinds  of  oak  they  are  very  apparent ;  and  if  the  wood 
is  cut  obliquely  they  form  a  very  beautiful  figure,  as  it  is  commonly 
called,  but  also  known  as  felt  or  silvered  grain,  from  its  light-coloured, 
and  hard,  polished  appearance. 

It  may  be  as  well  to  mention  that  trees  generally  should  be  felled  in 
the  middle  of  the  winter,  when  the  sap  has  descended  and  the  tree  is  at 
rest.     There  is  also  a  proper  age  for  the  felling  of  trees,  as  the  young  ones 
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are  full  of  sap,  and  the  old  ones  decayed  at  the  heart ;  but  only  experience 
will  enable  one  to  judge  of  the  proper  time  to  fell,  as  the  period  at  which 
a  tree  may  be  said  to  be  at  its  prime  varies  from  50  to  150  years. 

Good  and  Bad  Timber. — The  characteristics  of  good  and  the  defects 
of  bad  timber  may  be  dealt  with  simultaneously.  Good  timber  should  be 
cut  from  the  heart  wood  of  a  well-matured  tree,  free  from  sap  (of  either 
white  or  blue  colour),  as  well  as  from  large  loose  or  dead  knots,  shakes 
(whether  they  be  cup,  heart,  or  star  shakes),  rind- gal  Is,  and  unevenness  of 
colour.  It  should  be  regular,  straight,  and  close  in  the  grain,  and  when 
planed  its  shavings  should  be  long  and  stringy  ;  and  it  should  shine  when 
worked,  smell  sweet,  and,  when  struck,  give  forth  a  clear  sound ;  the  fibres 
should  be  so  straight  and  continuous  that,  when  converted,  very  few  of 
them  would  be  cut  through.  The  heart  itself  of  a  tree  is  much  given  to 
"  shakes.'' 

Wood  is  a  conductor  of  sound,  and  the  soundness  of  a  log  is  often 
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ascertained  by  the  way  in  which  it  transmits  a  "  tap  "  from  one  end  to  the 
other.  Failure  as  a  sound  conductor,  or  the  transmission  of  a  dull  sound, 
indicates  decay. 

Sap  is  the  most  common  defect  in  the  timber  of  to-day,  and  is  the 
result  of  the  converter's  desire  to  get  as  much  bulk  of  timber  as  possible 
out  of  his  tree,  and  being  thus  obliged  to  cut  outside  the  circle  of  the  hard  or 
heart  wood  into  the  sap.  Sap  is,  therefore,  found  at  the  sides  or  edges 
of  the  wood.  Sap  can  either  be  of  a  blue  or  white  colour ;  the  one  is  as 
bad  in  the  end  as  the  other.  They  both  lead  to  decay,  and  in  varnished 
work  cause  a  dark  stain.     There  is  no  cure  for  it,  and  it  must  be  cut  away. 

Knots^  of  whatsoever  kind,  whether  hard,  loose,  or  dead,  are  a  source 
of  weakness,  as  they  break  the  continuity  of  the  fibres ;  but  they  are  not  so 
serious  a  defect  when  hard  and  sound,  except  in  the  centre  of  a  beam, 
or  where  great  tensile  strength  is  required.  The  presence  of  a  large 
quantity  of  knots  is  always  a  serious  defect  in  timber. 

Cup  shakes  are  those  which  encircle  the  pith  and  separate  the  annual 
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rings  in  a  curved  line,  and,  unless  they  are  long  and  separate  a  large 
portion,  they  are  not  dangerous,  vide  fig.  262. 

Heart  shakes^  the  most  common  of  shakes,  occur  at  the  centre  of  the 
tree,  and  radiate  towards  the  bark,  as  fig.  263.  These,  of  course,  weaken 
the  wood,  and  render  it  impossible  to  convert  the  tree  into  large-sized  stuff. 

Star  shakes  are  similar  to  the  last-named,  but  more  numerous  from  the 
centre  of  the  tree. 

Rind  galls  are  the  result  of  the  growth  of  the  tree  over  a  place  where  a 
branch  has  been  improperly  cut  off.  They  usually  take  the  form  of 
irregular  swellings. 

Unevefiness  of  colour. — This  defect  includes  both  "  foxiness  "  and  "  doati- 
ness,"  the  former  being  a  red  or  yellow  stain,  which  betokens  decay,  and 
the  latter  a  speckled  stain  foreboding  the  same  thing,  which  is  met  with 
in  American  oak  and  beech. 

Seasoning  of  Timber. — On  the  principle  that  prevention  is  always 
better  than  cure,  we  will  deal  first  with  the  seasoning  of  timber,  which  is 


.2B2. 


the  next  thing  in  importance  to  be  attended  to  after  the  wood  has  been 
procured  from  a  fully  matured  tree.  The  object  of  seasoning  timber  is 
to  get  rid  of  the  sappy  moisture  which,  as  has  previously  been  pointed  out 
in  these  notes,  is  a  great  source  of  decay.  This  can  be  done  by  either 
drying  up  or  driving  out  the  superfluous  moisture,  a  proceeding  which 
of  course  reduces  the  weight  of  the  timber.  Tredgold  maintained  that  the 
timber  was  not  seasoned  and  fit  for  carpenter's  use  until  it  had  lost  one-fifth 
of  its  original  weight ;  and  for  joiner's  work  he  considered  that  iti  should 
have  parted  with  moisture  to  the  extent  of  one-third  its  weight  before  it 
was  fit  for  best  work. 

There  are  several  methods  of  attaining  this  end,  the  chief  of  which  are 
as  follows : — 

Natural  seasoning  is  a  very  simple  procedure,  and  consists  of  stacking 
the  timber,  after  it  has  been  converted,  edgewise  on  perches,  so  that, 
while  the  air  can  have  free  access  all  round  it,  the  sun  and  wet  can  only 
touch  the  edge. 
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The  method  of  operating  is  briefly  explained  thus  :  One  length  of 
timber  is  reared  edgewise,  and  alternately  from  the  sills  of  B  and  D 
(fig.  264),  which  should  protect  the  bottom  of  the  board  from  the  damp 
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arising  to  the  cross-piece  C  ;  by  which  means  they  are  secured  from 
moving  at  the  top,  and  the  air  can  circulate  all  round  the  wood,  except  just 
immediately  over  the  cross-piece,  without  exposing  the  width,  the  greater 
surface,  to  the  weather. 
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Floor-boards  and  other  thin  woods  are  sometimes  stacked  on  the  flat, 
on  bearers  raised  off  the  ground,  with  a  lath  between  each  row  of  boards, 
thus  (fig.  265).  They  are  generally  covered  over,  on  the  top  only,  with 
felt  or  other  waterproof  material. 

In  large  yards  the  timber,  of  all  sizes,  is  stacked  under  covered  sheds, 
whereas  it  is  best  perched  in  the  open,  if  in  a  shady  position. 

The  seasoning  process  requires,  for  complete  drying,  about  a  year,  for 
every  inch  in  thickness,  for  converted  and  sawn  oak  or  other  hard  woods, 
when  perched  or  stacked  under  ordinary  circumstances,  and  for  fir  and 
other  soft  woods  about  half  as  long 

Next  to  the  natural  seasoning  comes  the  water  seasonings  which  is  j 
a  simple  method  of  washing  the  sap  out,  though  this  is  generally  applied 
only  to  logs.  It  consists  of  submerging  the  whole  of  the  timber  under 
either  ordinary  or  salt  water;  the  former  being  preferable,  as  the  latter 
water  has  a  tendency  not  only  to  harden  the  wood,  but  also  to  attract 
moisture  when  in  the  work,  inasmuch  as  salt  is  generally  affected  by  any 
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excess  or  variation  of  humidity  in  ihe  atmosphere.     The  logs  are  kept 
wholly  under  the  running  water  until  the  sap  has  had  time  to  get  washed! 
out,  then  the  logs  are  taken  out,  dried  by  the  air,  and  cut  to  sizes ;  forj 
unless  they  are  dried  before  use  they  will  be  subject  to  dry  rot. 

Boiling  and  steaming,  or  the  hot-air  method,  are  similar:  that  is  to  say,! 
in  the  one  the  sap  is  supposed  to  be  driven  out  by  the  hot  water,  and  in 
the  other  by  the  steam  or  hot  air.  They  are  all  quicker  processes  than 
either  water  or  natural  seasoning ;  but  they  are  certainly  more  expensive, 
and,  moreover,  they  have  injurious  effects  on  the  timber,  by  reducing  its 
strength  and  elasticity. 

It  may  be  as  well  to  mention  that  many  kinds  of  timber  require  more 
than  one  seasoning,  because  each  time  the  surface  is  planed,  or  anything 
is  taken  off,  the  wood  is  apt  to  shrink,  as  the  air  seems  to  harden  the 
outside,  and  form  a  casing  to  the  inside,  and  thus  prevent  its  penetrating 
the  wood  under  ordinary  circumstances.  This  more  particularly  applies 
to  floor  boards  and  joinery,  where  the  least  shrinking  is  noticeable. 

Preservation  of  Timber.— The  object  in  preservation  of  timber  is  to 
save  it  from  rot,  whether  wet  or  dry.  There  are  many  different  ways  and 
patented  methods  of  trying  to  prevent  these  forms  of  decay ;  but,  before 
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proceeding  to  explain  them,  it  will  be  as  well  to  say  a  few  words  on  wet 
and  dry  rot. 

JFei  rot  is  really  the  decomposition  of  the  wood,  especially  the  sappy 
portions ;  and  it  takes  place  while  the  tree  is  standing,  and  also  when  the 
gases  can  escape  ;  whereas  dry  rot  occurs  in  the  converted  timber,  and  is 
generally  brought  about  by  fermentation,  the  result  of  confinement  and  lack  of 
circulation  of  the  air,  which  causes  a  fungus,  similar  to  a  cobweb,  to  encircle 
the  wood  and  suck  its  very  nature  out,  until  it  is  reduced  to  a  powder. 

Wood  is  most  subject  to  dry  rot  when  in  damp  and  warm  situations, 
with  no  circulation  of  air.  Ground-floor  joists,  with  no  ventilation,  or 
with  misplaced  ventilation,  are  soon  attacked  by  it.  The  ventilation 
should  be  placed  where  the  air  can  circulate  underneath  the  whole  floor. 
The  corfiers  are  generally  ignored,  and  the  result  is  soon  apparent.  The 
same  result  arises  from  timbers  built  into  damp  walls  without  a  passage  of 
air  around  them.  Oilcloths  also  favour  this  form  of  decay,  which  is  very 
difficult  to  get  rid  of.  When  once  in  a  building  it  soon  spreads  all  over. 
Dry  rot,  of  course,  renders  timber  dead  as  far  as  sound  goes.  A  log  may 
be  good  outside,  while  the  inside  is  a  mass  of  dry  rot.  This  can  be 
detected  by  the  fact  that  it  will  not  conduct  a  sound  from  end  to  end ;  or, 
in  boring  it,  after  the  outside  skin  is  penetrated,  there  is  nothing  but 
powder  to  resist  the  pressure. 

The  simplest  method  of  preservation  is,  of  course,  to  paint  or  tar  the 
work,  care  being  taken  that  the  wood  itself  has  previously  been  thoroughly 
seasoned,  or  the  paint  will  keep  the  moisture  in,  and  be  itself  the  cause 
of  decay.  The  same  thing  applies  to  charring  the  ends  of  posts,  joists, 
etc.,  and  creosoting.  This  latter  is  a  process  by  which  a  mixture  of  oil 
and  tar  is  forced  (under  pressure  in  tanks)  through  the  pores  of  the  wood. 
This  is  the  most  common,  and  perhaps  the  best,  way  of  preserving  timber 
which  is  required  to  withstand  damp,  especially  sills  and  posts  resting  on 
or  in  the  ground ;  but,  at  the  same  time,  it  is  an  objectionable  method, 
because  it  makes  the  timber  of  a  dark  brown  colour,  almost  black,  and 
very  greasy ;  and,  moreover,  the  whole  of  the  piece  must  be  treated  in  the 
same  way,  so  that  nothing  can  afterwards  be  done  to  make  it  look  respect- 
able. It  will  take  neither  paint  nor  whitewash.  In  this  respect  it  is  that 
charring  is  far  superior,  though  rot  so  generally  used,  as  it  is  only 
necessary  to  char  that  portion  of  the  timber  which  is  required  to  withstand 
more  than  ordinary  moisture. 

Among  the  patent  processes  the  most  common  are  : — 

Burnet's,  by  which  the  timber  is  soaked  in  a  watery  solution  of  chloride 
of  zinc,  in  the  proportion  of  4  gallons  of  water  to  i  lb.  of  chloride  of  zinc. 
The  advantage  of  this  process  is  that  it  is  colourless,  and  protects  the 
heart;  whereas  the  creosote  is  more  greedily  taken  by  the  sappy  part. 
This  mode  is  very  much  used  for  wood-blocks  for  paving. 
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Boucherie's  method  consists  of  forcing  sulphate  of  copper  through  the 
pores,  but  not  in  a  tank,  as  in  creosoting,  the  liquid  being  in  this  case 
poured  into  a  hole  at  the  top  of  the  log,  and  the  weight  of  the  liquid 
coming  from  a  tank  above  forces  the  other  through.  The  disadvantage  of 
this  method  is  that  the  wood  has  to  be  cut  into  to  allow  the  liquid  to  get 
a  start. 

Peters'  (of  Derby)  Carbolenium  is  a  mixture  similar  to  creosote,  which 
is  put  on  the  ends  of  joists.  It  can  be  applied  with  a  brush  before  the 
joist  is  placed  in  the  building ;  and  it  is  said  to  be  a  great  success.  It  is 
also  used  on  all  wall-plates  and  other  members  generally,  whenever  built 
within  or  into  the  walls. 

Kyanising  consists  of  injecting  corrosive  sublimate,  dissolved  and 
diluted  with  water,  into  the  wood.  It  is  said  to  be  efficacious  in  pre- 
venting rot,  and  is  especially  used  for  seasoning  railway  sleepers,  having 
an  advantage  over  creosoting,  in  that  it  does  not  make  the  wood  so 
inflammable. 

Deal  or  Fir. — Pine^  red  and  yellow  fir ^  or  "deal,"  as  it  is  commonly 
though  incorrectly  called,  is  obtained  from  the  northern  pine,  a  fir-tree 
which  is  grown  a  little  in  Scotland,  but  chiefly  in  Norway,  Sweden,  and 
Russia.  It  is  either  of  a  red  or  yellow  colour,  very  full  of  resin  in  quickly 
grown  stuff,  works  easily,  and  is  used  for  all  ordinary  purposes  in  this 
country,  whether  for  joinery  or  carpentry.  The  ordinary  trees  are  cut  up 
into  widths  of  7,  9,  and  11  inches,  by  2  J,  3,  and  4  inches  in  thickness, 
and  in  from  20  to  25-feet  lengths,  according  to  district ;  but  the  best  and 
largest  trees  are  converted  into  "  balk  timber,"  which  commands  a  higher 
price,  owing  to  its  scarcity,  and  varies  in  size  from  12  to  18  inches  square, 
and  up  to  35  feet  in  length. 

White  dealy  cut  from  the  spruce  fir,  has  not  the  strength  and  durability 
t)f  the  red  or  yellow  kind  ;  it  is  of  a  very  dry  fibre,  full  of  loose  dead 
knots,  and  only  fit  for  painted  work  in  common  joinery. 

Fir,  of  whatever  kind,  has  very  indistinct  medullary  rays,  and  the 
closer  the  annual  rings  the  stronger  it  is ;  though,  at  the  best,  it  has 
very  little  bearing  strength,  or  power,  or  resistance,  owing  to  the  trees 
being  felled  before  they  have  arrived  at  the  age  of  maturity. 

Balk  timber  is  imported  chiefly  from  the  ports  of  Memel,  Dantzic, 
and  Riga  on  the  Baltic ;  while  the  planks,  deals,  and  battens — as  the 
ii-inch,  9-inch,  and  7-inch  widths  are  respectively  called — come  from 
Norway,  Sweden,  Northern  Russia,  and  Finland,  countries  where  the 
coldness  of  the  climate  does  not  allow  of  the  trees  growing  to  a  size 
suitable  for  balk  timber. 

Memel  balk  timber  is  of  a  coarse  nature,  neither  of  slow  nor  quick 
growth ;  and  only  suitable  for  carpentry  and  engineering  purposes,  owing 
to  its   coarse  grain,  and  the  large  quantity  of  resin  which  it   contains. 
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There  are  two  or  three  qualities  of  this  variety,  and  it  is  generally 
considered  the  strongest  timber  in  the  market,  on  account  of  its  straight 
fibres  and  freedom  from  knots  and  shakes. 

Dantzic  balk  timber  is  chiefly  grown  in  Prussia,  and  is  of  a  more 
knotty  nature  than  Memel,  though  harder,  cleaner,  and  closer  in  the 
grain  ;  but  it  is  nevertheless  considered  inferior. 

Riga  balk  timber — almost  unknown  now  in  the  market — is  similar  to 
the  other  two  qualities,  being  of  a  very  straight  growth,  comparatively  free 
from  sap,  but  rather  shaky. 

Norwegiaji  planks,  deals,  and  battens  are  distinguished  by  the  blue 
stencil  marks  on  their  ends.  They  are  either  white  or  yellow,  and  not 
of  a  very  first-class  quality ;  being  only  fit  for  carpentry  and  scafifolding, 
though  a  large  quantity  comes  into  this  country  converted  into  floor 
joards,  match-boarding,  etc.  Drammen  and  Christiania  are  the  chief 
ports  of  shipment. 

Swedish  planks,  deals,  and  battens  are  imported  from  Gefle,  Soderhamn, 
Stockholm,  and  many  other  ports,  and  are  distinguished  by  a  red  stencil 
mark  on  their  ends.  They  are  superior  to  Norwegian,  the  best  qualities 
being  very  sound,  even,  and  comparatively  free  from  sap.  They  are  used 
chiefly  for  carpentry,  floors,  etc. 

Russian  planks,  deals,  and  battens  are  more  of  the  red  quality,  far 
superior  to  either  the  Norwegian  or  Swedish,  and  used  chiefly  for  joinery  ; 
being  harder,  brighter,  cleaner,  stronger,  freer  from  sap  and  knots,  and  of 
a  kinder  nature  to  work.  The  Petersburg,  Archangel,  Onega,  and 
Uleaborg  (Finland)  are  the  best  kinds,  and  are  distinguished  by  marks 
cut  in  the  ends  by  a  branding  hammer. 

Fir,  of  whatever  kind,  weighs  on  the  average  about  i  ton  per  50  cubic 
feet. 

The  working  stress  of  good  Memel,  per  square  inch  of  section,  is  about 
12  cwt.  in  tension,  10  cwt.  in  compression,  and  12  cwt.  in  bearing; 
compared  with  10  cwt.,  7  cwt.,  and  7  cwt.  respectively  for  the  ordinary 
inferior  qualities  of  fir. 

America  and  New  Zealand  both  grow  trees  of  the  pine  class,  but  the 
wood  they  produce  is  inferior  to  that  from  the  Baltic  in  strength  ;  though 
it  is  freer  from  knots  and  other  imperfections,  kinder  in  nature,  of  wider 
width,  and  more  suitable  for  joinery  and  cabinetwork.  The  chief  kinds 
are  :  the  Canada  red  pine,  which  bears  all  the  usual  qualities,  except  that 
it  is  inclined  to  be  knotty,  and  is  not  very  wide.  American  yellow  pine, 
though  expensive,  is  an  invaluable  wood  to  joiners  in  this  country,  as  it 
has  all  the  good  qualities  of  a  joiner's  wood,  with  a  kind  nature,  bright, 
close,  and  easy  grain,  comparative  freedom  from  knots,  and  can  be 
procured  in  very  wide  widths,  so  that  it  is  excellent  for  panelled  work. 
It  is  not  very  strong  or  durable  in  this  climate,  but  passable  when  painted. 
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Pitch  pine  is  grown  in  the  Southern  States  of  North  America,  the  best 
coming  from  the  neighbourhood  of  Savannah.  It  is  a  very  red  wood 
owing  to  the  large  amount  of  resin  it  contains,  and  consequently  is 
difficult  to  work,  as  the  viscidity  soon  affects  the  joiner's  tools.  Its 
hardness  makes  it  a  valuable  wood  for  wear,  while  some  of  it  has  a  most 
beautiful  appearance,  which  renders  it  suitable  for  best  varnished  work. 
It  is  heavy  in  weight,  but  very  durable  and  strong,  though  subject  to 
shakes  and  sap.  Its  annual  rings  are  very  conspicuous,  its  grain  straight, 
and  comparatively  free  from  knots.  On  account  of  the  resin  it  contains 
it  will  not  take  paint  properly,  nor  yet  creosote.  It  is  imported  in  logs  of 
12  to  1 8  inches  square,  and  can  be  procured  in  very  long  lengths,  some- 
times as  long  as  70  feet. 

Oregon,  Quebec,  and  St.  Johns  pine  are  other  names  given  to  North 
American  pine,  distinguishing  the  districts  whence  it  comes. 

Kawrie  pine,  found  in  New  Zealand,  is  a  hard,  pink-tinted  wood,  with 
a  very  close,  even  grain,  free  from  knots  and  other  defects.  It  can  be 
procured  in  very  wide  widths,  will  take  polish  well,  and  is  most  suitable 
for  table  tops,  cabinetwork,  etc. 

Elm  comes  from  a  British-grown  tree  of  the  same  name,  can  be 
procured  in  wude  widths,  and  withstands  damp,  though  not  alternate  wet 
and  dry  atmospheres;  its  grain  is  very  coarse  and  tough,  shakes  are 
almost  unknown  to  it,  but  rotten  holes  are  often  met  with ;  it  is  of  warm 
brown  colour  tinged  with  purple,  and  the  sap  of  a  light  cream.  Elm  is 
chiefly  used  for  piles  and  similar  work  exposed  continually  to  wet,  and  in 
damp  situations,  pump-planks,  stable  divisions  and  doors — the  latter  on 
account  of  the  dislike  that  horses  have  to  biting  it ;  and  its  great  resisting 
power  renders  it  very  useful  for  curbs,  bumping-blocks,  etc. 

Oak. — The  chief  varieties  of  this  wood  are  English,  Stettin,  Wainscot, 
and  American.  It  is  very  hard,  tough,  close,  and  durable,  and  is  used  by 
both  carpenter  and  joiner.  It  is  of  a  light  brown  colour,  has  medullary 
rays  in  it  to  a  conspicuous  degree,  in  addition  to  the  annual  rings,  which 
should  be  close  and  regular  to  denote  the  best  quality. 

The  English  variety  is  obtained  from  either  the  "stalk"  or  "cluster 
fruited  "  trees,  the  latter  being  the  darker  in  colour,  heavier,  tougher,  and 
more  durable  quality  of  the  two.  Both  kinds  are  much  used  in  this 
country,  where  strength  and  durability  are  the  chief  requirements,  especially 
for  window  and  door  sills,  w^all-plates,  roofs,  steps,  posts,  fencing,  etc.  It  is 
hard  to  work,  especially  when  young  and  wet,  being  more  of  a  carpenter's 
than  of  a  joiner's  wood,  is  very  elastic,  and  can  be  easily  bent  when  steamed. 

Its  weight  is  about  40  cubic  feet  per  ton,  and  its  compressive  strength 
may  be  taken  at  13  cwt.  per  square  inch ;  bearing  strength  at  25  cwt.,  and 
tensile  strength  at  16  cwt.  These  results  are  based  on  the  same  standard, 
or  working  stress,  as  other  safe  quotients  given  in  these  notes. 
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The  gallic  acid  which  oak  contains  corrodes  all  iron  with  which  it 
comes  in  contact  ;  wherefore,  screws,  bolts,  etc.,  to  be  used  with  it,  should 
always  be  galvanised. 

Stettin  oak,  so  called  after  the  port  whence  it  is  shipped,  is  at  lirst  sight 
similar  to  the  English  species,  and  is  very  often  substituted  for  it,  but  it  is 
not  nearly  so  strong  or  durable.  It  is  softer  and  easier  to  work,  though 
inclined  to  be  woolly.  Loose  dead  knots  and  decayed  pores  are  very  often 
met  with  in  it,  and  when  it  is  wet  and  unseasoned  it  gives  off  a  sour  odour. 
Jt  is  imported  in  logs,  and  is  employed  for  the  same  uses  as  the  English. 

American  oak  has  a  pink  tinge  in  it,  and  is  similar  in  texture  to  the  last 
named,  though  sound,  hard,  tough,  and  elastic.  It  is  used  as  a  substitute 
for  English  oak. 

Wainscot  oak  is  chiefly  shipped  from  the  Baltic  ports,  Riga  and 
Dantzic.  It  is  imported  into  this  country  in  logs  cut  "on  the  quarter." 
This  kind  of  oak  is  grown  chiefly  in  Poland  and  Austria,  and  is  essentially 
a  joiner's  wood,  being  more  expensive  than  the  other  kinds,  and  used  only 
for  best  internal  finishings.  It  is  hard,  of  a  light  brown  colour,  with  a 
.close,  compact,  and  even  grain,  though  it  is  kinder  in  nature  and  less 
.durable ;  knots  are  seldom  met  with  in  it,  and  it  is  the  absence  of  knots 
ithat  leads  some  people  to  note  the  difference  between  it  and  the  best 
.Stettin,  which  is,  in  fact,  very  much  like  it  in  most  other  respects. 
Wainscot  is  full  of  little  pores,  and  sometimes  white  specks ;  the  medullary 
jays  are  very  conspicuous,  if  it  is  properly  converted  "  on  the  quarter,"  and 
give  it  a  beautifully  figured  appearance.  The  "Crown  Riga"  is  often 
.specified  as  the  best  quality.  It  is  used  for  all  kinds  of  joinery  and 
.cabinetwork,  as  well  as  for  flooring,  and  will  take  polish  well. 

Teak  is  both  a  carpenter's  and  joiner's  wood,  found  in  Southern  India 
^nd  Burmah,  where  it  is  sometimes  called  the  Indian  oak.  It  is  very 
-straight  in  the  grain,  has  no  medullary  rays,  and  is  of  a  warm  brown  colour, 
tinged  with  yellow,  in  contrast  to  the  purple  tinge  of  elm.  Teak  is  very 
brittle,  whereas  oak  is  tough.  It  has  a  peculiar  smell,  but  does  not  corrode 
iron  ;  it  never  swells,  and  is  as  strong  as  oak,  free  from  knots,  but  subject 
.occasionally  to  shakes  at  the  heart.  It  is  used  for  window-sills,  treads  to 
5teps,  bumping-blocks,  and  the  best  kinds  of  joinery.  Railway  companies 
use  a  great  deal  of  it  for  carriage  doors,  on  account  of  its  non-liability  to 
jswell,  and  it  is  much  used  in  shipbuilding.     It  will  polish  well. 

Greenheart,  found  in  the  North  of  Southern  America,  is  very  often 
used  as  a  substitute  for  teak,  being  much  cheaper,  and  at  the  same  time 
possessing  the  qualities  of  teak — viz.,  a  fine,  hard,  and  close  grain,  and  great 
strength  and  resistance  to  crushing. 

Mahogany  is  imported  in  very  large  square  but  short  logs  from 
Honduras  and  Cuba,  the  former  being  very  much  softer  than  the  latter, 
And  easier  to  work ;  in  fact,  some  of  it,  called  "  Baywood,"  is  very  little 
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more  costly  to  work  than  deal.  In  colour  it  is  a  light  mixture  of  red^ 
brown,  and  yellow ;  shiny,  close,  hard,  and  yet  kind  in  grain,  free  from  the 
general  defects,  but  it  will  not  weather,  and  is  only  used  for  joinery,  table- 
tops,  handrails,  and  internal  best  finishings.     It  will  take  a  nice  polish. 

Cuba,  or  Spanish  mahogany,  is  considerably  harder  than  the  last- 
named  variety,  darker  and  richer  in  colour,  full  of  little  pores  and  silvery 
specks — due  to  the  presence  of  lime — which  dull  the  joiner's  planes.  It 
is  far  superior  to  the  other  kinds,  more  expensive,  harder  to  work,  and  is- 
only  used  for  the  best  polished  work. 

Walnut  is  of  two  kinds,  Italian  and  American,  very  different  from  each 
other  in  quality  and  nature.  The  Italian  is  really  a  cabinet-maker's  wood^ 
though  occasionally  used  in  the  best  of  joiner's  work.  It  is  much  harder, 
closer,  and  of  a  brighter  colour  than  the  American.  It  is  principally  used 
for  piano  cases  and  best  cabinetwork ;  while  the  American  is  made  up. 
into  doors,  windows,  dadoes,  and  other  best  joinery  finishings — the  colour 
being  a  dull  light  mauve,  though  it  is  often  called  "  American  brown 
.valnut,"  being  imported  from  New  York,  while  the  "American  Olack 
walnut "  is  imported  from  Quebec  in  Canada. 

Beech,  the  only  other  wood  which  is  really  of  any  great  use  to  the 
building  trades,  is  a  hard,  close,  light-coloured,  and  speckly  wood,  obtained 
from  the  English  tree  of  the  same  name.  It  is  chiefly  used  for  sinks, 
drainers,  etc.,  where  its  hard,  non-absorbent  properties  are  of  advantage; 
and  the  handles  of  carpenters'  and  joiners'  tools  are  made  of  this  kind  of 
wood. 

Ash,  an  English-grown  wood,  is  remarkable  because  it  has  apparently 
no  sapwood.  It  is  tough,  though  easily  worked,  and  very  durable  in  a 
continually  dry  atmosphere.  It  is  of  a  brownish-white  colour,  and  used 
chiefly  by  cabinetmakers,  on  account  of  its  elasticity  and  flexibility,  which, 
render  it  unsuitable  for  building  purposes. 

Sycamore  is  a  white  or  yellow-coloured  wood,  from  the  plane  tree,, 
found  in  the  North  of  England.  It  is  of  a  very  compact,  firm,  and  durable 
quality,  and  will  not  warp.  Builders  scarcely  ever  use  it,  except  for 
patterns. 

Birch  is  another  hard,  English-grown  wood,  being  more  of  a  builder's- 
wood  than  either  of  the  two  preceding  kinds,  as  it  is  often  used  for  hand- 
rails, stair-treads,  etc.  It  is  of  a  light  yellow,  speckly  colour,  very  close 
and  even  in  the  grain,  and  sound.  It  is  much  used  in  the  manufacture: 
of  furniture. 


CHAPTER  VIII. 
WOOD   FLOORS. 

Naked  Floors  and  Floor-boards — Single  Floors — Floor  Joints — Double  Floors — 
Framed  Floors — Flooring. 

Naked  Floors  and  Floor-boards. — Wood  floors  are,  practically 
speaking,  made  up  of  a  skeleton  framing,  called  "  naked  flooring,"  sur- 
rounded and  supported  by  a  brick,  stone,  wood,  or  iron  enclosure,  and 
covered  by  boards  of  different  kinds,  to  form  a  close  and  level  platform 
above  an  open  space. 

The  floor-boards  are  of  various  and  more  or  less  intricate  sections,  but 
one  and  all  could  be  used  at  the  same  time  as  a  covering  to  each  of  the 
different  kinds  of  naked  flooring,  without  any  real  detriment  to  the  strength 
of  the  floor  as  a  whole,  provided  the  various  sections  be  each  of  a 
sufficient  and  the  same  thickness. 

Naked  floors  are  really  of  three  classes,  though  there  may  be  different 
ways  of  carrying  out  the  principles  which  distinguish  one  class  from 
another.  The  simplest  and  most  common  class  are  called  single  floors, 
consisting  of  common  joists  only  placed  12  or  13  inches  apart,  or  15  to 
16  inches  centre  to  centre,  forming  a  bridge  from  wall  to  wall  to  support 
the  boarded  floor  of  the  room  above  and  the  ceiling  of  the  room  beneath. 
It  is  this  that  gives  the  name  of  bridging  joists  to  those  joists  which  in  all 
classes  carry  the  floor-boards.  The  other  two  kinds  of  naked  flooring  are 
called  double  and  framed  floors,  each  of  which  will  be  fully  described  in 
the  course  of  these  notes  later  on. 

Single  Floors. — Single  floors  are  suitable  for  all  spans  up  to  16  feet, 
though  they  must  be  strutted  after  the  span  exceeds  8  feet.  They  are  the 
simplest,  cheapest,  and  strongest  kind  of  naked  floor,  consisting,  as  before 
noted,  only  of  the  bridging  or  common  joists,  spanning  from  wall  to  wall, 
and  carrying  the  flooring  above  and  ceiling  beneath.  These  advantages 
are,  however,  accompanied  by  the  following  disadvantages,  which  some- 
times, in  special  cases,  predominate  : — 
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1.  The  ceilings  are  apt  to  crack,  on  account  of  the  sagging  of  the 
bridging  joists,  when  in  long  lengths. 

2.  Wood  being  a  conductor  of  sound,  these  joists,  having  no  inter- 
mediate space  between  them,  and  carrying  both  the  floor  of  the  one  room 
and  the  ceiling  of  the  other,  conduct  the  noises  from  one  room  to  the 
other. 

3.  The  joists,  going  from  wall  to  wall,  and  having  no  other  supports, 
distribute  the  load  of  the  floor  equally  along  the  whole  length  of  two  of  the 
enclosing  walls,  whether  the  wall  is  one  solid  mass  or  full  of  openings,  in 
which  case  either  the  joists  have  to  be  carried  by  plates  or  lintels  built  in 
over  the  doors  and  windows  in  the  wall  beneath,  or  they  have  to  be 
"  trimmed  "  round  them.  Both  methods  cause  weak  points  in  the  con- 
struction of  a  building. 

The  joists  of  the  ground  floors  of  buildings,  when  not  above  cellars, 
need  not  be  so  strong  as  for  other  floors,  because  dwarf  sleeper  walls, 
which  reduce  the  spans,  can  be  built  on  the  ground  to  carry  the  wall  plates 
which  support  and  distribute  the  weights  and  pressure  of  the  bridging  joists. 

Fig.  266,  in  plan  and  sections,  illustrates  a  ground  floor  supported  by 
simple  naked  flooring,  consisting  of  bridging  joists,  B  J,  carrying  the  floor- 
boards from  wall  to  wall,  with  intermediate  dwarf  walls  to  lessen  the  span 
and  carry  the  wall  plates,  W  P,  to  which  the  bridging  joists  are  secured. 
The  dwarf  or  sleeper  walls  both  render  the  floor  more  rigid,  and  effect  a 
saving  of  timber 

A  damp-proof  course  must  always  be  put  under  the  wall-plates,  to 
prevent  the  damp  arising ;  and  it  is  better  that  these  ground-floor  wall- 
plates  should  be  of  oak. 

It  should  be  noted  that  the  wall-pb.tes,  W  P,  on  the  outside  main  walls, 
are  not  built  into  the  main  wall,  but  supported  on  sleeper  or  dwarf  walls ; 
inasmuch  as  the  building-in  of  all  wall-plates  into  the  carcase  walls  of  a 
building  is  held  to  be  objectionable,  on  account  of  the  dampness  of  the 
walls  soon  causing  them  to  rot.  It  is  the  best  plan  to  put  the  joists  on 
two  rows  of  hoop-iron,  so  as  to  distribute  the  weight  to  the  extent  required 
in  the  walls,  or  to  support  the  wall-plates  on  corbels  or  over-sailing  courses 
projecting  from  the  main  walls,  care  being  taken  to  anchor  the  ends  of  the 
joists  to  the  walls  by  means  of  iron,  so  that  the  enclosing  walls  are  tied 
together  by  the  joists. 

Where  fireplaces  occur  in  ground-floor  rooms  it  is  usual  to  build 
fender  walls  round  them,  as  X  on  section  A  B,  fig.  266,  to  carry  the  wall- 
plates,  and  thus  save  trimming,  which  will  be  explained  later  on. 

When  single  naked  floors  are  used  above  other  rooms  it  is  obvious 
that  the  only  support  the  bridging  joists  can  have  is  the  enclosing  walls ; 
and  consequently  it  is  necessary  that  the  joists  must  be  stronger,  in  propor- 
tion to  the  distance  between  the  walls  which  have  to  carry  them. 
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'Fig.   267  illustrates,   in  plan   and   section,  a   single   floor,   carrying  a 
boarded  floor  above  and  ceiling  beneath. 
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It  will  be  seen  therefrom  that  the  bridging  joists  span  from  wall  to  wall, 
a  distance  of  12  feet,  and  carry  the  floor  above  and  the  ceiling  below. 


Section. 
fiQP66  ''sSceile 

The  ends  of  the  joists  rest  on  the  wall-plates,  W  P,  which  are  either  built 
■n  the  walls,  as  shown  on  the  right-hand  side  of  section  C  D,  or  rest  on  two 
ourses  of  brick  oversailing,  as  on  the  left  hand  of  the  same. 
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When  the  cornices  below  allow  of  the  wall-plates  being  put  on  projec- 
tions, and  not  built  in  the  walls,  that  is  the  best,  as  the  joists  can  be  nailed 
to  them  ;  but  when  this  cannot  be  done,  it  is  better — as  wall-plates  built 
in  soon  decay — to  lay  the  ends  of  the  joists  on  two  rows  of  hoop-iron,, 
instead  of  on  the  wall-plates  shown  on  the  right-hand  side  of  section  C  D. 

On  account  of  the  risk  of  fire  to  which  the  building  would  be  exposed 
if  the  ends  of  the  joists  rested  on  or  near  the  chimney  breast,  it  will  be 
noticed  on  the  plan,  fig.  267,  that  the  joists  are  trimmed  round  the  fireplace 
to  avoid  any  such  risk. 

A  joist,  stouter  in  width,  called  a  trimming  joist,  T  J,  is  placed  am 
inch  or  two  away  from  the  side  of  the  breast;  and  at   14  or  18  inches- 


P/an 
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away  from  the  face  of  this  breast — according  to  the  width  required  for  the 
hearthstones — another  joist,  called  a  trimmer,  T,  is  placed,  running  parallel 
to  the  face  of  the  breast,  and  the  ends  of  it  are  framed  into  the  trimming 
joists,  T  J;  and  along  the  trimmer,  in  equal  spaces  of  about  15  inches^ 
from  centre  to  centre,  the  trimmed  joists  are  framed,  with  the  other  end 
resting  on  the  supporting  wall. 

The  plan  and  section,  fig.  268,  are  intended  to  illustrate  the  explana- 
tion  just  given  of  trwiming  round  fireplaces. 

Fig.  269  will  show  the  student  how  to  trim  round  well-holes,  trapdoors, 
and  other  openings,  where  the  bridging  joists  run  in  a  different  direction. 

efore  proceeding  to  define  and  illustrate  joints  usually  met  with  in 
single  floors,  it  will  be  as  well  to  explain  one  or  two  items  which,  though 
belongmg  to  other  kinds  of  floors  as  well,  are  connected  with  single  floors. 
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Herritig-bo7ie  strutting^  cross-nogging,  or  stemming^  is  a  means  of 
strengthening  and  stiffening  the  bridging  or  common  joists,  and  consists 
of  small  pieces  of  3  x  i-inch  or  3  x  2-inch  stuff,  fixed  diagonally  between 
the  joists,  as  fig.  270. 

There  are  two  independent  lengths  in  a  row  of  it,  as  A  A  and  B  B,  and 
they  stretch  from  wall  to  wall,  thus  forming  one  continuous  connection 
or  support  between  the  walls,  and  rendering  each  joist  perfectly  stiff — one 
row  abutting  on  each  side  of  the  top  of  the  joist,  and  the  other  at  the 


Fig  270 


bottom  thereof.     A  row  of  this  strutting,  consisting  of  two  courses,  should 
be  inserted  every  4  feet  apart  where  the  span  exceeds  12  feet. 

Solid  strutting  or  stemming  is  an  alternate  method  to  the  latter,  and 
used  in  a  similar  way  for  the  same,  and  it  consists  of  a  solid  piece  of  wood 
the  depth  of  the  joist  and  ij  inches  thick,  let  in  between  the  joists  in  one 
continuous  line  from  wall  to  wall. 


Fiq  271 


Pugging  is  supposed  to  be  a  remedy  for  the  prevention  of  sound 
being  conducted  from  one  room  to  another  by  means  of  the  floors.  On 
each  side  of  the  joists  i|  x  |-inch  laths  are  nailed  from  wall  to  wall ; 
and  resting  on  these  laths,  between  the  joists,  the  sound  boardings  as 
it  is  called,  is  laid,  to  carry  the  mixture  which  is  to  deaden  the  sound. 
(See  fig.  271.) 

This  mixture  is  laid  on  the  boards  to  a  thickness  of  about  3  inches, 
and  it  consists  of  either  ordinary  mortar,  with  an  admixture  of  hay,  or 
of  sawdust  or  ashes,  or  of  asbestos  or  silicate  cotton  in  slabs. 
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Another  method  is  to  nail  cedar-felt  from  joist  to  joist,  as  on  sketch 
(fig.  272),  and  fill  in  the  space  with  sawdust. 

Some  of  these  kinds  of  pugging  cause  the  joists  to  rot,  owing  to  the 


Fig  272 

dampness  of  the  mixture  or  the  want  of  air-circulation  which  they  entail ; 
and,  to  obviate  this,  some  floors  are  constructed  specially  with  a  view  to 
prevent  the  conduction  of  sound ;  but  they  involve  extra  expense,  and 
raise  the  building  a  very   little  higher.     Some   people  would   call   the 
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method  a  "  double  "  floor  ;  but  this  is  not  done  for  the  purpose  of  strength, 
though  it  may  be  double  in  construction. 

Fig.  273  shows   ceiling  beams,    C  B,  inserted  between  the  bridging 
joists,  B  J,  placed  about  8  feet  apart,  to  carry  the  ceiling  joists ;  which,  it 


I 
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will  be  seen,  make  the  ceiling  independent  of  the  floor  and  not  liable  to 
be  affected  by  any  vibration  of  the  floor  itself. 

Floor  Joints.— All  joints  in   carpentry  should   be  made  in  such  a 
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manner  that  the  timbers  are  weakened  as  little  as  possible  by  loss  of 
wood ;  and  wherever  one  bearing  timber  has  to  support  others  it  is  of 
great  advantage,  if  possible,  to  nail  fillets  on  to  the  sides  of  the  timber, 
and  notch  the  others  over  it  (as  figs.  274  and  275),  to  avoid  weakening 
the  one  by  the  mortises  to  take  the  tenons  of  the  other.  The  weaker 
method  is  shown  on  the  right,  and  the  preferable  and  stronger  method 
on  the  left 
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Wall-plates,  when  not  of  sufficient  length  to  go  the  whole  length  of 
the  wall,  are  connected  by  scarfs  (fig.  276),  a  wedge-shaped  piece  being 
cut  out  of  each  end,  so  as  to  fit  one  another  when  connected ;  and  where 
they  return  at  angles  the  connection  is  then  made  by  halvings  or  bevelled 
halvings  the  two  ends,  as  shown  in  fig.  277. 

The  halving  process  consists  of  cutting  a  piece  off  the  end  of  each 
plate,  across  their  entire  width,  and  to  half  their  depth  ;  while  in  the 
bevelled  halving  the  remaining  parts  are  bevelled  alternately,  to  fit  one 
another  and  prevent  any  displacement  of  the  joint. 
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The  dove-tailed  notch  is  made  by  cutting  halfway  mto  each  plate,  with 
one  side  of  each  plate  left  straight  and  the  other  dovetailed,  to  prevent  its 
being  drawn  out,  as  fig.  278. 

The  joists  are  generally  spiked  on  to  the  wall-plates,  or  they  are 
notched  2ind  nailed  on  to  the  plates  (fig.  279). 

Another  method  of  attaining  the  same  object  is  by  cogging — though 
it  is  seldom  used  except  for  beams — when  a  "  notch  "  is  made  in  the 
underside  of  the  beam,  which  fits  on  to  a  piece  left  on  the  wall-plate, 
which  is  similar  to  the  cog  of  a  wheel ;  whence  the  method  is  called 
cogging"  (fig.  280). 

The  only  other  joints  met  with  in  single  flooring  are  those  connected 
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with  trimming,  and  they  apply  as  well  to  double  and  framed  floors  as  far 
as  the  joists  are  concerned. 

The  joint  between  the  trimmer  and  the  trimming  joists  is  called  a 
tusk  tenon  J  and  illustrated  by  fig.  281,  where  it  will  be  seen  that  the 
tenon,  T,  with  the  horn,  H,  and  tusk,  K,  are  cut  out  on  the  trimmer  and 
let  into  a  similar  mortise,  with  the  bearing  or  shoulder,  S,  on  the  trimming 


joist.     After  they  have  been  tightened  up  together,  in  situ,  a  pin,  P,  is 
driven  through  a  mortise  in  the  tenon,  T,  as  shown  on  the  plan,  fig.  282. 

The  trimmed  joists  are  framed  into  the  trimmer  by  means  of  a  joint 
similar  to  the  last,  only  without  the  tenon  being  pinned,  as  shown  in 
fii.  283. 


Trimmer 
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Single  naked  flooring  can  be  made  quite  strong  enough  for  ordinary 
purposes  over  spans  up  to  16  feet,  the  strength  of  the  floor  depending 
chiefly  on  the  depth  of  the  joists,  the  safe  strength  and  depth  of  which 
cm  be  ascertained  by  "halving  the  span  in  feet,  calling  the  quotient 
inches,  and  adding  2,  which  gives  the  depth  required  in  inches."  For 
example  :  the  span  being  10  feet,  10  feet  -^  2  =  5  inches  ;  5  inches  -f  2 
=  7  inches ;  therefore  the  depth  must  be  no  less  than  7  inches,  and  the 
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width  2 J  or  3  inches,  according  to  circumstances;  although  little  depends 
on  the  width,  which  is  usually  either  2,  2J,  or  3  inches.  Trimmers  and 
trimming  joists  of  course  need  to  be  stronger,  and  it  is  usual  to  add 
I  inch  in  thickness  for  them,  or  ^th  of  an  inch  for  every  trimmed  joist 
which  need  only  be  the  same  as  the  common  or  bridging  joists. 

Double  Floors. — Double  floors  are  used  for   spans  of  over  16  feet. 
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to  reduce  the  bearing  of  the  bridging  joists;  for  which  purpose  large 
beams  called  binders  are  placed — at  intervals  of  every  10  feet,  at  most — 
between  two  of  the  walls  and  resting  on  the  other  two. 

Double  floors  have  the  advantage  of  stopping  the  passage  of  sound, 
and  rendering  the  bridging  joists  stiff'er,  so  that  the  ceilings  are  not  so 
liable  to  crack ;  and  they  also  act  as  a  tie  to  the  walls  of  the  building. 


Trimmed   Joist 
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On  the  other  hand,  they  are  more  complicated  in  construction,  which  is 
always  a  defect ;  and,  moreover,  they  raise  the  building  and  add  expense 
thereby. 

It  should  always  be  borne  in  mind  that,  as  the  "  binders  "  collect  the 
weight  of  the  floor  off  the  "  bridging  joists,"  they  must  be  supported  by 
solid  masonry,  brick,  or  ironwork — not  placed  over  openings,  as  can  be 
done  with  the  ordinary  joists.     This  is  sometimes  an  advantage,  especially 
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where  the  walls  beneath  are  full  of  openings.     In  such  cases  the  "  binders," 
carrying,  as  it  were,  the  whole  weight  of  the  floor,  can  be  placed  over  solid 
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Binder  ^  Fillets 

Section  on  line  C  D 
Fig  284 

parts,  sometimes  specially  designed  for  them ;  and  the  weaker  parts  above 
the  openings  can  be  left  without  any  weight  at  all  on  them. 

In  fig.  284  the  plan  and  sections  are  illustrations  of  a  double  floor. 
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The  space  between  the  binders  is  called  a  Case  Bay,  and  that  between 
t  le  binder  and  the  wall  a  Tail  Bay. 

The  "  binders  "  should  rest  on  stone  templates  on  the  walls,  in  a  little 
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recess,  as  fig.   285,  so  that  the  air  can  circulate  round  the  wood,  as  to 
build  any  timbers  into  the  damp  walls  is  always  conducive  to  rot. 

The  joints  used  in  this  flooring  are  similar  to  those  last  described  for 
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single  floors,  the  only  addition  being  that  whereby  the  bridging  joists,  etc., 
are  fixed  to  the  binder.  The  joists  are  generally  notched  on,  as  fig.  286  ; 
but  this  is  a  bad  way,  as  the  notches,  being  cut  out  of  the  "  binder,"  weaken 
it  to  a  great  extent. 
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The  better  plan  is,  as  before  explained,  to  nail  fillets  on  the  sides  of 
the  binder  and  notch  the  joists,  instead  of  the  binders  which  carry  the 
joists  and  the  floor,  as  fig.  287. 

Sometimes  the  ceiling  is  put  on  the  underside  of  the  bridging  joists 
where  the  height  of  the  rooms  below  will  not  allow  of  special  ceiling  joists  ; 
in  which  case  the  *'  binder  "  is  planed  and  moulded  to  prevent  its  being  so 
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great  an  eyesore,  and  it  has  to  be  notched  for  the  bridging  joists,  or  they 
are  cut  away  where  they  take  the  bearing,  a  process  which  in  no  way 
weakens  the  framing  (vide  fig.   288). 

The   chase-77iortise  is  also  a  joint  that  is  employed  in  this  kind    of 
floor.     It  consists  of  a  tenon  cut  on  the  ceiling  joist  and  put  into  the 
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mortise  which  is  cut  out  of  the  fixed  "  binder  "  with  bevelled  slide  into  it, 
as  shown  in  fig.  289.  This  joint  is  very  handy  in  cases  where  the  "  binders  " 
(or  mortises)  are  so  placed  that  the  tenon  cannot  be  fixed  in  as  usual.  It 
is  also  used  when  the  space  allotted  to  the  depth  of  the  floor  will  not  allow 
of  the  ceiling  joists  projecting  below  the  binder. 

Binding  joists  are  only  required  for  spans  above  16  feet,  unless  under 
exceptional  circumstances.  The  best  way  to  impress  on  the  memory  the 
sectional  dimensions  required  for  the  different  spans  is  to  take  5  inches 
wide  and  8  inches  deep  as  the  standard  for  10-fect  spans,   and  to  add 
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I  inch  in  depth  and  i  an  inch  in  width  for  every  additional  2  feet, 
we  should  have  the  following  dimensions  : — 

8  inches  deep  by  5  inches  wide,  suitable  for  lo-feet  spans. 


Thus 
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Framed  Floors. — "  Framed  floors  "  are  used  for  spans  of  24  feet  and 
over,  and  consist  of  girders  placed  10  feet  apart,  in  addition  to  the  binders. 
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bridging  and  ceiling  joists  known  in  connection  with  other  kinds  of  floors 
{vide  fig.  290). 

To  save  repetition,  it  may  be  said  that  framed  floors  have  the  same 
objects,  advantages,  and  disadvantages,  as  double  floors — but  of  course  in 
a  higher  degree — and  the  same  rules  apply  to  both. 

It  should  be  borne  in  mind  that  two  binders  should  never  be  tenoned 
into  the  girder  at  one  place,  as  that  would  almost  cut  it  in  two,  and 
weaken  it  too  much  ;  but  they  should  be  placed  hit  and  miss  fashion 
as  X.  (See  fig.  290.)  The  method  of  jointing  is  shown  in  the  sections 
A  B,  C  D. 

A  better  way  to  secure  the  binder  to  the  girder,  without  cutting  into 
the  latter,  is  as  fig.  292.  An  iron  stirrup  is  hung  over  the  girder,  with  a 
shoe  on  each  side,  to  receive  the  binder.  The  stirrup  is  secured  to  the 
girder  by  a  bolt  at  the  head. 

The  girders  of  framed  floors  must  necessarily  be  stronger  in  proportion 
than  binders  ;  and  taking  13  inches  deep  by  11  inches  wide — for  a  20-feet 
span — as  a  basis  (by  the  same  rule  as  that  for  binders),  adding  i  inch  in 
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depth    and  |  an   inch    in  width    for   each  additional  2  feet  in  span,  we 
have  for — 

20  feet  span  a  girder  13  inches  deep  by  11    inches  wide. 
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Ceiling  joists  are  generally  of  uniform  size — viz.,  3J  inches  deep  by 
25  inches  wide,  and  are  fixed  12  or  13  inches  apart;  and  they  should  have 
a  bearing,  whether  on  a  wall  or  to  a  beam,  at  every  8  feet. 


f/^.  293 

Iron  binders  and  girders  of  different  sections,  in  place  of  wood,  are  now 
used,  chiefly  for  double  and  framed  floors  ;  the  bridging  and  ceiling  joists 
being  fixed  to  wood  plates  bolted  to  the  flanges  of  the  wrought-iron  binders, 
as  fig.  293. 

In  framed  floors  the  binders,  with  the  wood  bridging  and  ceiling  joists, 
are  placed  between  the  top  and  bottom  flanges  of  the  girder,  and  con- 
nected with  angle  irons  bolted  to  the  flange  of  the  girder,  as  fig.  294. 
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Wooden  beams,  binders,  and  girders  are  often  flitched  to  strengthen 
them— that  is,  they  are  cut  in  half,  and  reversed   with  a  thin  wrought- 


Fig  294 
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Sectional  Plan  a.t   A.  A 

iron   plate  between  them,  as   fig.  295,  the    three  being  bolted  together 
transversely,  as  shown  in  the  section. 


Q 
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Or,  they  are,  in  exceptional  cases,  trussed^  as  fig.  296,  by  a  king  truss, 
or  by  a  queen  truss,  as  in  fig.  297. 
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The  beam  or  girder  is  cut  in  half,  and  reversed  as  the  last,  but  instead 
of  the  flitch  plate  a  framed  truss,  composed  of  vvrought-iron  abutments 
and  hardwood  struts,  is  bolted  between  the  two  halves,  as  shown. 

Another,  though  inconvenient,  method  of  trussing  is  as  figs.  298 
and  299,  which  explain  themselves,  the  shoes,  Z  Z,  and  stays,  Y  Y,  being  of 
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cast  iron,  and  the  rods,  X  X,  being  of  wrought  iron  to  resist  the  tension. 
In  this  case  the  beam  is  not  cut  in  two,  but  the  rods  go  through  it,  as 
illustrated.     The  strength  of  the  truss  depends  on  the  length  of  the  struts 


Ftg  297 

from  the  beam,  and  consequently  the  stronger  it  is  made  the  more  in- 
convenient and  unsightly  it  becomes.  This  is  on  the  same  principle  as 
that  often  seen  when  thin  boards  are  strengthened  to  carry  flower-pots  by 


f/g  298 

strutting  underneath,  and  tying  tight  a  piece  of  string  from  each  end  of  the 
board  over  the  strut. 

Flooring. — Flooring  is   the    covering    of    the    naked    framing,    and 
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consists  of  one  or  other  of  the  many  difl'erent  kinds  of  floor  boards  from 
I  to  1 1  inch  in  thickness,  nailed  (on  each  of  their  edges)  on  to  each  of 
the  bridging  joists  in  either  single,  double,  or  framed  floors. 

The  difl'erent  kinds  of  joints  for  flooring  boards  (which  should  always 
be  rebated  or  grooved  so  that  a  greater  thickness  of  floor-board  is  left  on 
the  top  side  where  it  will  be  worn)  are  as  follows  :— 

Straight  or  plain  jointed  {^g.  300),  in  which  the  joint  of  each  board  is 
straight  and  plain. 
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Grooved  and  tongued^  where  one  edge  of  the  board  has  a  tongue  and 
the  other  a  groove  (fig.  301). 

Grooved  and  tongued  with  hoop-iron  tongues,  in  which  both  edges  of 


Floor     Joist 


Fia  300 


Fig.  301 


FiQ  302. 


Fig.  303. 

the  board  are  grooved  and  an  iron  tongue  inserted,  half  in  each  board 
(fig.  302). 

Rebated,  with  the  edge  of  each  board  rebated  out  alternately  top  and 
bottom  (fig.  303). 
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Rebated^  grooved,   a?id  tongued  (fig.  304),  a  combination  of  figs.  301 
and  303. 

Rebated  and  filleted,  in  which  each  board  is  rebated  out  on  one  face 


Fig  30^ 
each  side,  and  a  loose  fillet  is  laid  on  the  joists   and  overlapped  by  the 
rebate  on  each  board  i^ide  fig.  305). 

Secret-nailed,  by  which  each  board  is  nailed  on    the  tongue  to  the  joist 


^^^ 


Fig   305 

and  covered  by  the  top  of  the  other  (grooved)  board,  which  is  held  down 
by  its  (tongued)  predecessor  (fig.  306). 

Dowelledj  where  small  oak  or  other  hard-wood  dowels  are  driven  into 


Fig  306 

the  edge  of  the  fixed  board  and  the  other  is  cramped  up  to  it,  so  that  the 
dowel  enters  both  boards  and  keeps  them  together  (fig.  307).  They  are 
secretly  nailed  obliauely  between  the  dowels. 
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Fillistered  are  similar  to  fig.  303,  "  rebated." 

Floughed  and  tongued  are  the  same  as  grooved  and  tongued  (fig.  302). 

A  new  method  of  secret  fixing  has  lately  been  invented.     It  consists 


Fi^307 

of  shouldered  brads,  one  point  of  which  is  driven  into  the  joist  by 
hammering  the  shoulder,  and  the  board  is  driven  down  on  to  it,  as  in 
fig.  308. 


Fig.30S 

Headings  are  the  joints  of  the  boards  crosswise — i  e.^  where  they  are  not 
in  sufficient  lengths  to  go  the  length  of  the  room,  and  have  to  be  in  two  or 
more  lengths.     They  may  be  either  square  or  bevelled,  as  figs.   309  and 


Fig  309. 
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310,  or  cross-tongued,  as  fig.  31T,  or  tongued,  as  fig.  312,  or  rebated  and 
tongued,  as  fig.  313. 

Floor  boards  are  usually  laid  in  "  uniform  "  thicknesses   of  from  i   to 
i\  inches,  and  in  from  3^   inch  to  "batten"  or  7-inch  widths.      They 
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should,  under  any  circumstances,  have  their  edges  shot — ?>.,  truly  planec 
so  that  they  can  be  "  dogged  "  or  "  cramped  "  up  tight  to  each  other  befor^ 
being  nailed;  or  they  are  laid  folding  in  common  work,  as  fig.  314. 

In  good  work  the  nails  should  be  punched  below  the  general  surfac< 
of  the  floor,  the  boards  planed  off  to  one  level,  and  the  nail-holes  stoppe( 
up  with  putty,  before  a  floor  can  be  said  to  be  complete. 

Double  floors  may  sometimes  mean  that  the  flooring  or  floor-boar( 


cross  ton<]ue 
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Fig.  3 1  I. 
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are  laid  on  the  joists   in  two  thicknesses,  generally  |,  or  J,  and  i  incl 
thickness,    the   bottom  thickness   being   straight-jointed,    and   often    lai< 
diagonally  across  the  joists  ;  while  the  other — either  grooved  and  tonguedj 
or  of  some  other  special  section — is  laid  on  in  the  ordinary  way  above  th< 
sub-floor^  as  the  bottom  one  is  called. 

The  various  kinds  of  floors  having  been  explained  to  the  student,  it  only 


314-. 


remains  to  say  that  the  principle  of  wooden  beams  and  girders  is  antiquated, 
bad  from  its  elaborate  framings,  risks  to  fire,  and  the  sagging  and  uncer- 
tainty of  the  large-sized  members.  It  has  been  superseded  by  iron  or 
steel  for  binders  and  girders,  the  latter  being  considerably  superior  in  forming 
a  rigid  mass,  its  comparative  impunity  from  fire,  etc.,  but  care  should  always 
be  taken  to  leave  a  space  between  the  floor-boards  and  top  of  the  iron  or 
steel  joists  for  gaspipes,  etc. 
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CHAPTER  IX. 
PARTITIONS. 

Partitions  Defined — Framed  or  Quartered  Partitions — Trussed  Partitions. 

Partitions  Defined. — A  partition*  is  a  skeleton  wood  framing,  used 

istead  of  a  wall  to  divide  one  room  from  another.     It  is  only  suitable  for 

je  above  the  ground-floor,  so  as  to  be  free  from  the  effects  of  damp. 

'he   principal   advantages  which  partitions  possess   are,  that   they  save 

space,  and  being  light  in  weight,  can  be  raised  upon  a  floor;   whereas 

a  brick  partition  wall  must  either  rest  on  another  wall  beneath,  or  be  built 

on  girders,  which  entail  additional  expense.      Against  these  advantages 

must  be  set  off"  the  facts  that  partitions  are  inflammable,  conductors  of 

sound,  and  very  apt  to  prove  a  harbour  for  vermin. 

There  are  really  two  kinds  of  partitions — the  ordinary  framed  or 
common  quartered  partition,  and  the  trussed  partition.  Before  proceed 
ing  to  explain  and  illustrate  each  one  separately,  it  will  be  advisable  to 
make  a  few  remarks  on  partitions  generally. 

The  general  rule  is  to  build  up  partitions  resting  upon  the  floors,  which 
is  in  itself  bad  construction,  because  as  soon  as  the  floor  sags  or  moves 
the  partition  goes  with  it,  causing  the  plaster  cornices  to  crack  and  come 
away  from  the  ceiling  above,  unless  that  is  connected  to  the  partition  itself, 
instead  of  underneath  the  joists  of  the  floor  above,  which  should  run  from 
wall  to  wall  independently  of  and  parallel  to  the  partition  itself;  or  the 
continual  additional  weight  of  the  partition  on  this  floor  causes  the  part 
immediately  underneath  the  partition  to  sag  more  than  the  other  part  of 
the  floor,  which  results  in  the  cracking  of  the  ceiling  below. 

A  better  plan  is  to  hang  the  partition  either  from  the  floor  above  or 
from  the  roof.  These  are  made  purposely  stronger  than  otherwise  needed, 
in  order  to  carr>'  the  additional  weight,  and  render  the  partition  tolerably 
rigid ;  but  the  best  and  proper  way  is  to  build  the  head  and  sill  of  the 
partition  into  the  main  walls  wherever  practicable,  so  that  if  the  one  goes 
the  other  goes  with  it ;  and,  in  addition,  to  brace  them  towards  the  walls 

*  Called  in  the  North  of  England  a  stoothing. 
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or  bearings,  so  that  any  weight  that  comes  on  the  head  of  the  partition  is 
thrown,  by  means  of  these  braces,  on  the  walls. 

Partitions  may  be  lathed  and  plastered  on  each  side ;  but  sometimes 
they  are  bricknogged in  addition — i.e.^  the  spaces  between  the  quarterings  are 
spaced  out  to  suit  the  bricks,  and  being  4^  inches  thick,  are  filled  in  with 
brickwork ;  or  otherwise  in  thinner  partitions  the  bricks  are  laid  on  edge. 


-¥>>?/ IL 


^    iSca/e 
ftg  315. 

In  other  cases  the  partitions  are  temporarily  boarded  up  on  each  side, 
and  the  interstices  filled  up  with  concrete,  generally  composed  of  breeze 
and   cement.      Sometimes,   however,   the   outsides   of  the   partition   are 
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Fig.  316 
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covered  with  inodorous  felt,  and  the  spaces  filled  with  sawdust,  before  the 
plastering  is  done. 

Framed  or  Quartered  Partitions. — AnordrndLxy  framed  or  quartered 
partition  consists  of  head  H,  sill  S,  posts  P,  studs  or  quarters  Q,  and 
Hogging  pieces  N,  and  generally,  though  not  always,  braces  B  (see  fig.  315). 
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The  partition  is  4J  inches  thick,  the  head  and  sill  4i  x  3  inches,  posts 
4I  X  4  inches,  studs  4|  x  2  inches,  braces  4I  x  3  inches,  and  nogging  or 
stemming  pieces  3x2  inches. 

If  a  doorway  is  required  in  the  partition  it  is  framed  either  as  fig.  316 
or  as  fig.  317. 


>  ^ 


^'\\ 


Post 


m-^ 


I  Scafe 
FJg  318 


hW. 


2'  — ,'-<--i 


TCJ 


Wtz 


V^V  4i 


F/^  3/9 


The  joints  used  in  framed  partitions  of  the  ordinary  kind  are  very 
simple,  and  as  follows : — 

The  joint  at  head  or  sill  with  the  posts,  being  an  ordinary  mortise  and  tenon, 
as  in  fig.  318 ;  S  S  being  the  shoulders,  T  the  tenon,  and  C  C  the  cheeks. 
The  tenon — as,  in  fact,  all  tenons  should  be,  as  a  rule — is  in  width  one- 
third  of  the  thickness  of  the  stuff,  so  that  it  has  no  less  than  one-third  (or 
its  width)  on  each  side  of  the  mortise. 


A  s/ud  tenon  is  the  name  given  to  the  joint  between  studs  and  sill 
or  head,  the  tenon  only  being  for  the  purpose  of  keeping  it  in  position, 
land  going  into  the  mortise  about  one  inch  (fig.  319). 

The  joint  between  studs  and  brace  should  be  as  fig.  321,  but  it  is 
usually  as  fig.  320. 

The  junction  of  the  brace,  post,  and  sill  is  very  simple,  being  as 
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fig.  322.     But  where  the  brace  is  framed  into  a  doorpost  (as  fig.  317)  it- 
is  done  as  fig.  323. 

The  joist  between  doorhead  and  post,  where  the  brace  does  not  spring 
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from   it,  as  fig.  324,  is  similar  to  the    tusk-tenon   between  trimmer  and 
trimming  joist. 

Where  partitions  have  to  be  built  on  floors,  and  cannot  rest  on  stouter 
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joists  (as  fig.  325),  they  are  supported  by  bearers  framed  between  two  joists 
^as  fig.  326),  about  4  feet  apart. 


Fi<j  325      I  Sca.le 

Sometimes  they  rest  only  on  the  floor-boards,  as  fig.  327. 

It  should  be  borne  in  mind  that  the  studs  are  fixed  from  12  to  14  inches 


1    apart,  or  from  14  to  16  inches  centre  to  centre,  on  the  same  principle  as 
joists,  ceiling  joists,  rafters,  and  other  bearing  timbers. 


Fig  327. 1  Scale 

Trussed   "Poxtiiionz.— Trussed  partitions  are  those  which    have  to 
carry  a  floor  above,  or  they  have  some  other  work  to  do,  requiring  more 
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than  the  ordinary  strength  of  "  framed  "  partitions.  They  are  similar  to 
roof  trusses  in  construction,  but  oblong  instead  of  rectangular,  and  of  two 
kinds— king-post,  as  fig.  328,  to  suit  side  doors ;  or  queen-post,  as  fig.  329, 
where  the  doorway  comes  in  the  centre. 


Fig  328 


They  are  really  framed  trusses,  filled  in  afterwards  with  studding  or 
quarters. 


The  joints  employed  other  than  those  used  in  the  ordinary  partition, 
as  explained,  are  those  of  the  principal  members  of  the  truss,  as  between 
principal  back,  and  intertie,  T,  in  both  trusses,  which  is  done  as  fig.  330  ; 

King  and  principal  back,  etc.,  as  fig.  331. 

The  queen-post,  etc.,  joint  should  be  as  fig.  332. 
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It  is  as  well  to  bolt  the  head  and  sill  of  the  complete  truss  together  in 
one  or  more  suitable  places,  as  X  X,  figs.  328  and  329,  when  possible, 
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side 
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Door  head 


Fig  332 


in  order  to  make  the  partition  one  complete  framing,  though  made  up  of 
different  parts. 
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All  braces,  where  practicable,  should  incline  (or  abut)  at  an  angle  of 
about  forty  degrees. 

Partitions  of  ordinary  span,  and  carrying  only  their  own  weight,  are 
generally  understood  to  be  4I  inches  thick;  but,  wherever  they  are  of 
greater  span,  they  should  be,  say,  i  inch  thicker  for  every  10  feet;  and, 
of  course,  where  they  have  to  carry  floors  or  roofs,  they  must  be  of  special 
thickness  to  meet  the  requirements,  and,  moreover,  must  be  trussed  in  one 
way  or  other,  as  the  circumstances  will  allow — either  between  head  and  sill 
or  between  intertie  and  head.  The  latter  is  the  usual  way,  owing  to  the 
presence  of  doors  and  other  openings,  which  take  up  so  much  of  the  height 
of  a  partition. 


CHAPTER   X. 
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Local  Adaptation  of  Roofs — Couple  Roof — Couple-close  Roof— Fished  Joints — Scarfs — 
King-post  Roofs — Queen-post  Roofs — Wood  and  Iron  King-trusses — Wood  and  Iron 
Collar-truss — Queen  Flat-truss — Mansard  Roof— Details  of  Roofs. 


Local  Adaptation  of  Roofs. — A  roof  is  a  framing  which  covers  the 
top  of  the  whole  building,  as  a  protection  against  the  elements.  In 
different  countries,  having  different  climates,  and  being  subject  to  different 
kinds  of  weather,  it  is  of  course  necessary  that  the  roofs  of  buildings  should 
be  designed  and  constructed  so  as  to  meet  those  variations  of  climate. 
For  instance,  the  northern  countries  of  the  world  have  steep-pitched  roofs. 


Fig  334 


to  throw  off  the  snow  and  prevent  the  water  from  sucking-up  between  the 
laps  of  the  different  materials  used  as  a  covering  ;  while  in  hot  countries, 
where  there  is  little,  and  that  very  heavy  rain,  the  roofs  are  constructed  on 
the  flat.  Therefore  the  framing  of  wood-roofs  must  be  suited  to  the  weight 
requirements  of  the  covering  which  it  has  to  carry,  according  to  the  climate. 
Lead,  zinc,  copper,  stone,  or  asphalte  coverings  are  generally  laid  on 
flat  roofs;  slates  on  pitches  of  about  30  degrees  from  the  horizon;  and 
tiles  or  wood-shingles  on  a  45-degrees  pitch. 
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Before  proceeding  to  deal  with  each  roof  separately  on  its  own  merits 
it  may  not  be  out  of  place  to  give  the  student  an  idea  of  the  origin  of  the 
different  kinds. 

The  first  and  simplest  form  of  a  roof  is  as  fig.  333,  from  which,  suppos- 
ing the  rafters  are,  as  it  were,  hinged  at  A,  B,  and  C,  it  may  be  imagined 


that  as  soon  as  the  weight  on  the  rafters  exceeds  a  certain  maximum,  the 
walls  will  be  pushed  out  by  the  extra  weight  or  thrust  brought  down  on 
them  by  the  rafters  (see  fig.  334). 

To  obviate  this,  the  collar  first,  and  afterwards  the  "  tie,"  were  added 
as  a  means  of  tying  in  the  rafters  :  first,  by  the  collar  fixed  part  of  the  way 
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between  the  wall-plate  and  ridge,  A  and  B,  as  fig.  335  ;  and  then,  as  the 
length  of  the  span  and  rafters  increased,  it  was  found  necessary  to  tie  in 
the  feet  of  them,  as  fig.  335,  by  means  of  the  tie-beam. 


The  next  difficulty  encountered,  as  the  spans  were  increased,  and  con- 
sequently the  length  of  the  tie-beams,  was  that  the  tie-beam  was  apt  to  sag 
in  the  middle  from  its  own  weight  over  such  long  bearings  (see  fig.  336) ; 


to  counteract  which  the  king-post  in  shorter  spans,  and  two  queens  in 
longer  spans,  were  put  in  to  sling  up,  as  it  were,  the  tie-beam  to  the  ridge 
or  apex  of  the  rafters  in  the  one  case,  and  to  the  straining  beam — which 
did  duty  for  two  apexes — in  the  other,  as  figs.  337  and  338. 


The  last  defect  to  be  remedied  was  the  sagging  of  the  rafters  between 
the  wall-plate  and  apex ;  and  this  was  done  by  means  of  struts,  S  S,  so 
named  because  they  "  strut "  up  the  rafter  frj^m  the  king-post  or  queen,  as 
the  case  may  be  {vide  fig.  339). 
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The  above  description  will  explain  the  origin  of  the  different  members 

tof  the  ordinary  truss ;  and  as  spans  and  trusses  increase,  and  their  con- 
sequent defects  arise,  so  indefinite  additional  ties  and  struts  are  added  to 
the  frame  to  counteract  them. 
Some  kinds  of  roof-trusses  are  a  combination  of  wood  and  iron,  the 
rafters  and  struts  generally  being  of  wood,  and  the  suspenders  and  ties 
either  of  iron  or  wood,  according  to  circumstances. 
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Couple  Roof. — The  couple  roof — the  simplest  of  the  whole  series — 
consists  of  the  following  parts — viz.,  wall-plates,  bedded  on  the  walls,  and 
running  longitudinally  ;  and  two  rafters,  raised  from  each  wall-plate  to  the 
pitch  required  from  the  wall-plate  line  as  horizon.  At  the  apex  or  meeting- 
place  of  these  two  rafters  the  ridge  is  fixed,  running  longitudinally,  and 
generally  parallel  to  the  wall-plates  or  walls  (vide  figs.  340  and  341). 


F/^  342 


This  form  of  roof  is  only  suitable  for  spans  under  10  or  11  feet,  the 
rafters  being  spaced  12  inches  apart,  and  usually  3^  inches  x  2|  inches  in 
section.  The  ridge  is  generally  7  inches  x  i|  inches,  and  the  wall-plates 
3  inches  deep  and  either  4^  inches  or  9  inches  wide,  on  bed,  according  to 
circumstances. 

The  joints  required  in  its  construction  are  very  simple,  and  can  all  be 
made  by  the  use  of  the  saw ;  that  at  the  ridge  being  as  fig.  342,  and  that 
at  the  junction  of  the  foot  of  the  rafter  and  wall-plate  being  as  fig.  343  or 
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fig-  344  ;  tliG  former  being  used  where  there  is  an  outside  eaves-gutter,  and 
the  latter  where  there  is  a  lead  gutter  between  two  roofs  meeting  at  the 
wall-plate  from  opposite  directions.  Fig.  345  shows  the  mode  of  connect- 
ing the  rafters  and  wall-plates  for  overhanging  eaves. 


Fig  344 

Couple-close  Roof. — The  "  couple-close  roof"  is  a  step  higher  than 
the  last,  and  consists  of  rafters,  ridge,  and  wall-plates,  with  the  addition  of 


F/g  345 

a  tie  fixed  to  the  foot  of  each  rafter,  which  often  does  duty  for  a  ceiling 
joist  (see  fig.  346). 


Fig   346 

These  roofs  are  suitable  for  spans  up  to  12  or  14  feet ;  but  after  they 
exceed  the  10  feet  it  is  necessary  that  the  rafters  should  be  made  4^  inches 
X  25  inches.  The  tie  is  usually  the  same  size  as  the  rafter,  and  the 
joint  between  them   called  a  dove-tailed  halvings  as  fig.    347,   half  the 


ROOFS. 


137 


thickness  being  cut  off  both  rafter  and  tie  to  a  dove-tail  pattern,  which, 
when  in  position,  prevents  one  pulHng  away  from  the  other. 

Collar  Roof. — It  must  be  always  borne  in  mind  that  rafters  must  have 
a  support  at  intervals  of  every  8  feet,  or  they  will  sag ;  and  if  the  space 
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between  ridge  and  plate  exceeds  8  feet,  additional  support,  in  the  form  of 
a  purlin  or  collar,  must  be  placed  between  them  {vide  fig.  348). 

This  leads  us  to  the  "collar"  roof,  suitable  for  spans  up  to  16  or  17 
feet,  and  designed  to  meet  the  requirements  just  alluded  to.  It  has  also 
the  advantage  of  giving  more  height  to  the  ceilings  of  the  rooms,  etc., 
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immediately  under  the  roof,  where  a  tie,  as  in  the  "  couple-close  "  roof, 
would  be  too  low  and  in  the  way. 

The  joints   in   this  form  of  roof  are  precisely   similar  to  those  last 

named;  but  the  roof  itself,  as  a  whole,  is  considerably  inferior  in  con- 

truction,  because,  there  being  no  tie  at  the  foot  of  the  rafters,  the  weight 

^^f  the  roof  is  apt  to  cause  them  to  spread,  pushing  the  walls  out,  and 
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4j  inches  by  2  J  inches  in  section,  and  spaced  12  inches  apart,  or  14  to  15 
inches  centre  to  centre,  as  in  all  other  framings ;  but  these  collars  are  not 
always  used  to  each  rafter,  one  being  framed  to  every  sixth  or  seventh 
rafter,  and  a  purlin — a  longitudinal  beam  running  parallel  between  plate 

Iron  fish  plates 


Wood  Fish  plates 

_ 
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and  ridge — ^being  placed  between  collar  and  rafter  (as  fig.  348  a),  and  sup- 
porting the  rafters  between  each  of  its  bearings  on  the  framed  collars. 
The  purlins  and  ridge  are  jointed  in  their  length  by  bevelling,  fished 
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oints,  or  scarfs  to  resist  tension  and  bearing,  the  particular  strain  to  which 
they  are  subject. 

The  "  bevelled  "  joint  (fig.  348  b)  is  the  simplest  in  work  and  most 


-m- 
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Fig  351 

common  in  use,  though   for  obvious  reasons  it  can   only  be   employed 
over  bearings  on  walls  or  trusses. 

Pished  Joints. — Fished  joints  are  not  often  used,  on  account  of 
their  awkwardness,  and  their  weakness  in  comparison  with  the  expense 
which  they  entail.  They  are,  practically  speaking,  "  butt "  joints,  whereof 
the  ends  are  kept  in    position  by  fish-plates  of  wood  or  iron,  fastened 
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generally  to  each  side  of  the  beams,  and  connected  together  by  through 
bolts  (fig.  349)- 

The  bolts  should  be  placed  "  hit-and-miss  "  fashion,   so   that   plates 
and  beams  are  only  cut  once  in  the  length  of  their  fibres.     This  form 


Fig  352 

of  joint,  when  in  tension,  causes  all  the  strain  to  be  thrown  on  the 
bolts ;  and  as  these  often  become  loosened  by  the  shrinkage  of  the 
timbers,  they  then  press  and  crush  the  fibres,  which  results  in  the 
yielding  of  the  joints. 


€1 


Fig  353 

To  obviate  this  as  much  as  possible,  the  joints  are  tabled  in  both 
iron  and  wood  alike,  as  fig.  350;  or  keyed,  as  fig.  351.  Each  of  these 
methods,  while  conferring  a  benefit,  also  creates  another  defect,  by  decreas- 
ing the  section  and  consequent  strength  of  the  timbers  themselves. 


Fig  354 

These  forms  of  joints  are  also  suitable  for  lengthening  posts  and 
other  upright  timbers  subject  to  compression  ;  but,  for  such  purposes, 
it  is  better  that  they  should  be  fished  on  all  sides,  to  prevent  any 
movement  laterally. 


Scarfs. — "Scarfs,*'  as  used  in  joints,  to  lengthen  purlins  and  ridges — 
^^.,  to  resist  tension— are,  as  a  rule,  made  as  fig.  352  ;  or  fig.  353,  which 
>s  slightly  more  intricate;  though  fig.  354  is  still  better,  as  it  can  be 
tightened  up  by  means  of  the  wedges  or  keys,  X. 
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Still,  this  is  not  really  complete  without  the  fish-plates,  to  allow  the 
tightening  to  be  done  properly,  as  fig.  355,  which  may  be  said  to  be 
the  best  scarf  to  resist  tension. 


niq  356 


While  dealing  with  "  scarfs  " — though  a  little  out  of  place — it  may 
be  as  well  to  explain,  so  that  the  difference  can  be  noted,  those  that 
are  designed  to  resist  compression  used   in   perpendiculars,  posts,  etc., 
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Fig  360 


and  that  used  for  bearing  timbers  subject  to  cross  strain,  where  the  top 
fibres  are  in  compression  and  the  bottom  in  tension,  as  fig.  356. 

The  principle  of  scarfs  for  tension  is  a  keyed  deve/,  while  that  for 


ROOFS. 


141 


compression  is  a  keyed  butt  joint,  as  square  as  possible,  so  as  to  distribute 
the  weight  all  over  its  area. 

'    Fig.  357  represents  the  simplest  form  of  scarf  used  in  posts,  though 
this    may    be   improved    by  checking,    as    fig.  358;   and   still   more   by 


wedging  or  keying,  as  fig.  359;   and,  further  still,  by  fish-plates  and  a 
little  tabling,  whether  in  iron  or  wood,  as  fig.  360. 

The  joint  to  resist  cross  strain,  applicable  to  breastsummers,  girders,, 
binders,  joists,  and  other  bearing  timbers,  is  as  fig.  361  ;  the  square  butt 
joint,  X,  resisting    the  compression  in  the  top  fibres,  while  the  oblique 

. ^ A 
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butt    and    the    fish-plate    and    bolts   resist   the   tension  on   the   bottom 
fibres. 

Before  leaving  the  subject  of'joints  in  longitudinal  and  other  bearing 
timbers  we  must  not  forget  the  lapped  joint,  though  it  is  the  least 
workmanlike  of  joints,  and  rarely  used  except  in  rough  work.     It  consists 


Fiq  363 

in  lapping  one  length  of  timber  over  the  other,  as  fig.  362,  and  secaring 
them  together  either  by  means  of  bolts.  A,  or  straps,  B. 

Wall  plates  are  scarfed,  as  in  fig.  363,  though  they  may  be  bolted 
together   in   addition. 

King-post  Roofs. — The  "  king-post  "  is  the  next  roof  which  circum- 
stances, as  it  were,  bring  before  the  carpenter,  and  to  his  help  into  the 
bargain,  as  has  been  explained  earlier  in  the  course  of  these  notes. 
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This  form  of  roof  is  practically  the  beginning  of  all  "  trusses,"  which 
are  complete  framings  in  themselves,  spanning  from  wall  to  wall,  and 
doing  duty  for  the  cross  walls,  in  that  they  support,  in  their  turn,  the 
ridge  and  purlins,  which  require  a  bearing  every  8  or  lo  feet.     Trusses 


should  be  no  more  than   8  or  9  feet  apart,  and  have  a  9-inch  bearing 
on  each  wall. 

The  tie-beams  of  trusses  are  generally  cogged  on  to  wall-plates,  or 
wood-templates  about  30  inches  long,  built  in  the  walls,  as  fig.  364 ; 
or,  another  method  is  to  dowel  them  on  to  stone  pads,  as  fig.  365. 


Fig  366 


i  Scale 


Fig.  366  represents  a  king-post  roof-truss.  P  R  is  the  principal 
rafter,  5  inches  deep  and  4  inches  thick ;  T  the  tie-beam,  9X4  inches ; 
S  the  struts,  4x4  inches  ;  and  the  king-post,  K,  is  5I  x  4  inches  at  X ; 
but,  as  it  has  to  be  cut  out  to  give  a  bearing  for  the  struts  and  principal 
rafter,  it  really  comes  out  of  9  x  4  inch  stuff,  being  9  inches  wide  both 
at  top  and  bottom,  reduced  between  to  5I  inches,  as  shown.       " 

A  very  simple  way  to  familiarity  with  and  recollection  of  the  safe 
sizes  of  the  various  members  of  a  king-post  roof  is  as  follows :  Divide 


ROOFS. 


143 


the  span  by  5,  and  call  the  quotient  inches,  which  is  the  required 
thickness ;  the  struts  should  be  always  square,  and  middle  of  the  king- 
post a  little  wider  than  its  thickness ;  and  the  setting  out  of  the  bevels 
will  then  give  the  actual  size  of  the  stuff  from  which  it  is  to  be  cut. 
Assuming  9  inches  and  5  inches  as  the  standard  depths  for  tie-beams 
and  principal  rafters  for  20  feet  span  respectively,  add  i  inch  to  each 
for  every  5  feet  additional  span.  Should  the  dividing  process  give  the 
answer  with  a  half-inch,  it  is  usual  to  take  it  off  for  slated  roofs,  which 
incline  at  an  angle  of  from  26  to  30  degrees,  or  about  "  one  quarter  pitch  " 
— that  is  to  say,  the  ridge  is  a  quarter  of  the  span  in  height  above  the 

flpex 


tie-beam ;  but  for  tiled  roofs  add  i  inch  for  the  odd  parts,  as  tiled  roofs 
have  more  weight  to  carry,  and  they  are  usually  inclined  at  an  angle  of 
45  degrees,  being  what  are  called  "  half-pitched  "  roofs. 

Flat-pitched  roofs  are  not  so  strong  as  those  that  are  pitched  higher. 
The  nearer  to  the  perpendicular  that  wood  is  fixed  the  stronger  it  is. 
This  is  shown  by  the  fact  that  the  horizontal  thrust  of  a  pair  of  rafters 
I  is  proportionate  to  the  length  of  the  oblique  line  drawn,  at  right  angles 
'rom  the  fbot  of  the  rafters,  to  the  perpendicular  dropped  from  the  apex. 
:e  fig.  367,  where  it  will  be  seen  that  the  flatter  the  roof  is  the  longer 
the  oblique  line. 
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.  The  joints  of  a  king-post  truss,  in  fact,  all  consist  of  mortises  and 
tenons  entering  but  a  short  distance  into  the  timbers;  and  they  have 
all  bevelled  shoulders,  which  ought,  wherever  possible,  to  be  at  right 
angles  to  the  incline  of  the  roof. 


Fi^  366. 
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Fig.  368  is  the  joint  between  king-post  and  principal  rafters  at  the 
apex  supporting  the  ridge,  a  pair  of  2|  x  |  inch  wrought-iron  straps, 
bolted  from  side  to  side,  completing  the  joint ;  or  in  practice  a  through- 
bolt  from  A  to  B  will  answer  the  same  purpose,  though  not  so  good. 

Fig.  369  explains  the  joint  between  the  strut  and  principal  rafter 
carrying  the  purlin.     This  requires  no  ironwork. 
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Fig.  370  is  an  elevation,  and  fig.  371  a  section,  of  the  joint  between 
king-post,  tie-beam,  and  struts,  which  should  explain  itself. 

The  truss  is  either  tightened  up  to  what  is  called  a  "  camber "  by 
means  of  the  stirrup-strap,  with  the  gibs  and  keys  or  cotters,  as  shown, 


/  Scale 
Fig  371 


or  by  a  bolt  which  goes  up  through  the  centre  of  the  tie-beam  into  the 
king-post,  where  a  nut  is  let  in  through  a  hole  to  tighten  it  up. 

The  camber  is  the  rise  (about  \  an  inch  in  every  10  feet)  given  to  the 
centre  of  the  tie-beam ;  so  that  when  the  roof  settles,  the  tie-beam  may 
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Stay  at  its  level,  instead  of  dropping  below  it  (m'de  respectively  figs.  372 
and  373). 

The  joint  between  the  tie-beam  and  the  foot  of  the  principal  rafter  is 
called  a  butting  joint,  being  as  fig.  374 ;  which  is  completed  either  by 
a  2^  X  3  inch  wrought-iron  heel-strap  encircling  the  joint,  as  shown,  or 
by  a  bolt  put  obliquely  through  the  centre  of  the  tie-beam  and  rafter. 
The  mortise  and  tenon  are  similar  to  fig.  375.     Instead  of  this  "  butting  " 

10 
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joint,  a  bridle  joint  is  sometimes  used  (see  fig.  376),  which  will  show  that 
bridle  joints  are  really  the  converse  of  the  butting  joint  or  a  mortise  and 
tenon,  when  applied  to  other  framing. 

They  are  not  very  often  used,  though  they  are  another  form  of  joint. 


/  Scale 


The  bridle  should  never  be  more  than  one-fifth  of  the  thickness  of  the 
timber,  on  account  of  the  weakening  of  the  cheeks,  which  would  be  very 
liable  to  be  wrenched  off  if  they  were  not  considerably  more  than  the 
bridle  in  thickness. 


Sometimes  king-post  roof-trusses  are  constructed  with  the  tie-beam  in 
two  thicknesses,  one  notched  to  each  side  of  the  foot  of  the  principal 
rafters  and  king-post,  as  in  fig.  377. 

The  other  joints  are  the  same  as  in  the  ordinary  truss,  with  the  excep- 
tion that  the  ridge  is  boxed  lower  down  into  the  king,  so  that  the  top  of 
the  common  rafters  is  level  with  the  top  of  the  principal  rafters  (fig.  378)* 
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Fig   376 
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This,  of  course,  necessitates  the  purlins  being  framed  into'  the  principal 
backs,  which  is  done  by  means  of  a  tusk  tenon  {^ide  ante^  fig.  281). 

King-post  trusses  are  suitable  for  spans  up  to  30  feet. 

Queen-post  Roofs. — Queen-post  trusses  are  used  for  spans  over  30 
feet,  and  contain  two  perpendiculars  to  brace  up  the  tie-beam  spanning 
the  walls. 

Fig.  379  is  a  "  queen-post  truss  "  for  a  32-feet  span.  The  same  form 
is  suitable  up  to  about  42  feet  span,  and  beyond  that  size  princesses-,  or 
intermediate  posts  and  struts,  have  to  be  inserted  between  the  "  queens  " 
and  the  heels  of  the  roof,  as  shown  by  dotted  lines ;  and  it  is  sometimes 
necessary  to  frame  a  small  king-post  truss  (also  shown  on  the  figure  by 
dotted  lines)  above  the  straining  beam  St,  to  support  the  ridge.     S  S  is 
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the  Straining  sill,  and  Q  the  queens.  The  other  members  are  known  by 
the  same  names  as  in  other  trusses. 

A  good  rule  to  ascertain  the  thickness  of  queen-post  trusses  is  as 
follows :  Divide  the  span  by  8,  and  the  quotient  will  be  the  required 
thickness  (in  inches),  making  up  for  odd  parts  by  adding  another  inch 
for  heavy-tiled  roofs,  and  omitting  such  fraction  for  slates,  as  before 
explained. 

Taking  the  tie-beam  for  32-feet  span  at  11  inches  deep,  and  principal 
rafters  at  6  inches,  by  adding  i  inch  for  every  5  feet  additional  span,  we 
can  arrive  at  their  depth  for  the  different  roofs. 

The  struts  and  middle  of  the  queens  are  usually  square.  ' 

Coming  to  the  details  of  the  joints,  we  find  they  are  similar  to  those 
for  a  king-post  roof ;  except,  of  course,  those  at  the  head  and  foot  of  the 
"  queens,"  which  are  as  shown  on  fig.  380. 

Wood  and  Iron  King-trusses.— Fig.  381  is  an  illustration  of  a  wood- 
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truss,  with  an  iron  king-rod,  the  joints  of  which  are  explained  in  detail  on 
figs.  382  and  383. 

From  these  it  will  be  seen  that  a  wrought-iron  king-bolt,  |  inch  in 
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diameter,  slings  up  the  tie-beam  to  the  apex,  where  a  cast-iron  head 
receives  the  principal  rafters  into  sockets  on  either  side  of  the  king-rod ; 
which  goes  through  the  hollow  cast-iron  work,  and  is  bolted  up  from  above 
the  apex  to  the  bottom  of  the  tie-beam.     The  struts  are  likewise  received 


ROOFS. 


SI 


by  cast-iron  sockets,  screwed  on  to  the  top  of  the  tie-beam  through  which 
the  king-rod  is  placed. 

Sometimes,  to  save  expense,  a  plate  is  fixed  on  the  underside  of  the 
tie  beam  and  bolted  through,  to  secure  the  shoe-plate  for  the  struts. 

Sometimes  the  struts  butt  against  each  other  round  the  king-rod,  as 
fig.  384;  from  which  it  will  be  seen  that  there  is  nothing  to  keep  them 
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in  position,  laterally,  except  the  spikes  which  fix  them  to  the  beam, 
is  called  a  s^ru^  and  beam  joint. 

Another  form  of  this  kind  of  roof-trussing,  with  wood  and  iron,  is  as 
fig-  385  ;  which  is  all  iron  except  the  principal  backs,  wrought-iron  being 
used  for  struts,  ties,  and  king-rod,  and  cast-iron  for  heel  and  head  sockets. 

The  details  of  joints  and  construction  are  : — 
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Fig.  386  represents  joint  at  A. 

Fig.  387  shows  the  joint  at  B. 

Fig.  388  that  at  C. 

Therefrom  the  student  will  see  that  wood  struts  could  be  substituted 
for  the  Tee  irons,  if  thought  advisable ;  and  the  tie-rod  could  be  forged 
out  to  a  sufficient  width  to  give  them  a  bearing  on  each  side  of  the 
king-rod. 
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Plan  looking  up 
Fig  388 

Wood  and  Iron  Collar  Truss.— Another  form  is  as  fig.  389,  the  joints 
of  which  it  is  needless  to  enlarge  upon.  The  student  can  make  them  out 
from  others  of  a  similar  kind  already  illustrated  in  the  course  of  these 
riotes. 


Queen  Flat  Truss. — The  next  form  of  roof  to  which  the  student's 
attention  should  be  drawn  is  the  queen-post  roof,  used  as  a  flat  roof  over  the 
straining  beam  ;  the  only  points  new  to  the  student  being  the  suspension- 
rod  in  the  centre,  and  the  beam  and  strut  joints  under  the  straining  beam 
which  carries  the  bearers  of  the  flat  to  be  boarded  and  covered  with  lead 
or  zinc  (fig.  390). 
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Mansard  Roof. — The  Mansard  roof  (invented  by  a  Frenchman  of 
that  name  with  a  view  to  utilising  the  roof  spaces  as  much  as  possible)  is  a 
roof  similar  to  fig.  391.  The  joints  are  all  known  to  the  student,  and  it 
only  remains  to  be  said  that  this  form  of  roof  can  be  very  much  strengthened 


by  the  tie-beam  being  made  the  head  of  a  bolted  and  trussed  partition 
below,  especially  if  queen-trussed  with  intertie  built  into  the  enclosing 
walls,  or  a  partition  with  no  openings  in  it. 

Occasionally  cases  crop  up  where  trusses  are  necessary,  but  cannot  be 


used  for  various  reasons,  and  the  cross-walls  are  too  far  apart  for  ordinary 
purlins ;  recourse  then  has  to  be  made  to  trussed  purlins  or  ridges,  but 
sometimes  the  ordinary  purlins  2x^flitched  to  give  them  additional  strength 
{ruide  ante,  fig.  295),  or  trussed  (as  figs.  296  and  297,  Chapter  VIII.). 

Another  way  is  to  build  up  an  ordinary  framing,  as  fig.  392,  the  joints 
of  which  have  been  already  illustrated  in  different  places,  or  under  preced- 
ing headings.     Here,  the  wall  posts,  P,  are   called  puncheons;   and  the 
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framing  may  be  either  of  the  king  or  queen-post  class,  according  to  circum- 
stances and  the  bearings  between  walls.  The  dimensions  of  the  timbers 
also  follow  the  ordinary  rules, 


G&ble 


Fig  333 


Details  of  Roofs. — Hips  are  the  external  angles  made  by  the  junction 
of  the  roof  and  its  return  round  the  ends,  where  the  end  walls  are  not 
carried  up  to  the  underside  of  the  rake  of  roof  to  form  gables,  as  fig.  393. 
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Valleys  are  the  converse  of  hips,  Sindjack  rafters  are  the  short  rafters 
which  run  between  the  hips  or  valleys  and  the  wall-plates. 

Dormers  are  gables  on  a  small  scale,  or  vertical  windows  placed  on  the 
inclined  plane  of  a  roof. 

Fig.  394  illustrates  a  returned  roof,  with  hips  and  a  valley,  showing 


generally  the  positions  of  some  of  the  parts  hereinbefore  described,  as 
particularised  in  the  accompanying  reference  —viz..  A,  valley ;  B,  hip  ;  C, 
jack  rafters ;  D,  ridge ;  E,  eaves ;  F,  common  rafters ;  G,  gable ;  H, 
dormer ;  P^  purlins  ;   W,  wall-plate. 


/■/9  337 


Hips,  on  account  of  their  great  length,  are  sometimes  made  the  principal 
rafter  of  half-trusses,  which  are  bolted  with  angle  irons  to  the  king-posts  of 
the  main  trusses,  as  at  X,  on  fig.  395  ;  and  they  are  framed  at  the  external 
angles  into  dragons,  D,  which  are  halved  over  the  angle  of  the  two  wall- 
plates,  W,  and  "  tusk-tenoned "  into  an  angle-brace,  A,  which  stretches 
from  wall-plate  to  wall-plate,  forming  an  equilateral  triangle  with  them. 
Fig.  396  is  a  plan  and  fig.  397  a  section  explaining  the  foregoing  details. 
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Valleys  are  treated  in  a  similar  way,  but  being  internal  angles,  have  often 
to  be  covered  with  lead,  which  means  boarding  as  a  foundation,  as  fig.  398. 


Instead  of  valley-rafters  one  roof  is  sometimes  run  through,  and  a 
valley  board  put  on  it,  from  which  the  short  or  jack  rafters  spring  to  the 
ridge,  as  fig.  399. 
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The  eaves  of  roofs  are  at  the  feet  or  bottom  of  the  rafters,  where  all 
the  rain-water  is  collected  into  cast-iron  gutters,  hanging  over  the  walls, 
from  which  it  is  taken  by  cast-iron  downpipes  to  the  drains  below. 


Fig.  400  represents  an  overhanging  eaves  with  a  fascia,  F,  fixed  to  the 
feet  of  the  rafters,  for  carrying  the  cast-iron  moulded  guttering,  G ;  while 
fig.  401  shows  the  same  fixed  to  a  wood  cornice. 
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Fig.  402  represents  a  cast-iron  half-round  gutter,  fixed  by  wrought 
hanging  irons  to  the  wrought  and  cut  rafter  feet ;  these  irons  can  also  be 
fixed  on  the  top  of  the  rafters,  but  they  are  awkward  if  the  gutter  should 


Eaves  til  ten 


afterwards  have  to  be  altered,  necessitating  taking  off  a  few  courses  of  the 
slates  or  tiles  to  get  at  them. 

Fig.  403  represents  the  same,  but  the  gutter  is  carried  by  wrought-iron 
brackets,  fixed  to  the  walls,  which  looks  clumsy  in  work. 

Gutters — i.e.,   those  boarded  and  lead-lined — are  laid   either  behind 
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parapets  and  chimneys,  or  between  M  roofs.  They  should  never  be 
narrower  than  9  inches  at  the  bottom  or  starting-point,  should  rise  about 
I J  inches  in  no  more  than  10  feet  lengths,  at  the  outside,  and  between 


Fig  404'       i  Scale 


each  10  feet,  or  less  length,  there  should  be  a  2-inch  drip,  to  give  the 
water  an  impetus,  and  also  to  allow  the  plumbers  to  joint  their  lead.     It 


-V 


Fia  405 


should  be  borne  in  mind,  in  arranging  the  drips,  etc.,  of  gutters,  that  the 
sun  interferes  with  lead  when  in  long  lengths,  so  that  drips  should  be  placed 
within  the  lo-feet  limit  where  practicable. 


T,/ter 
boa  re/ 
er  board 
Gutter  bearer 


Section  A.B 


F,g  4-06 


Fig.  404  represents  the  plan  of  a  lead  gutter  between  two  roofs,  M, 
and  fig.  405  a  longitudinal  section. 


Drip  or 
drop 


^  Reba  t  e  for  tea  d 


Fi^  407 .    Section  CD. 

Fig.  406  is  a  cross-section  of  such  a  gutter,  and  fig.  407  an  enlarged 
longitudinal  section  through  a  2-inch  drip. 

It  is  always  better  to  nail  a  feather-edged  fillet  on  the  face  of  the  drip, 


\.\ 
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to  make  the  angle  the  more  obtuse  for  dressing  the  lead  over,  as  fig.  408. 
Moreover,  care  should  always  be  taken  that  the  boards  carrying  the  lead 
are  laid  in  the  direction  of  the  fall,  and  not  crosswise. 

The  lear-boards  and  tilter  are  also  fixed  at  the  top  return,  X,  fig.  406, 
as  at  the  sides. 

Cesspools  are  sunk  boxes,  placed  at  the  lowest  points,  to  collect  the 
water  previous  to  discharging  it,  through  a  pipe  fitted  to  the  bottom  of  the 
cesspool,  into  the  rain-water  pipe,  or,  better  still,  into  a  head  connected  to 
the  downspout  (fig.  409).  The  heads  allow  of  the  lead  bend  to  the  cesspool 
being  open  at  both  ends  and  accessible,  which  is  a  great  convenience  when 


n^  409.  Section  of  Cesspool 

they  get  stopped  up  with  leaves — a  very  common  occurrence.  It  is  more 
convenient  to  have  spout  troughs  through  the  walls  from  cesspool  to  head, 
when  circumstances  will  allow  of  it. 

The  position  of  these  cesspools  has  to  be  regulated,  of  course,  to  suit 
the  elevations  of  the  building  and  the  position  in  which  the  downpipes  can 
be  placed. 

The  angles  of  cesspools,  as  well  as  the  bottoms,  should  be  dovetailed 
together  to  make  a  satisfactory  and  good  job,  though  they  are  often  only 
tongued  together.  Their  size  varies,  of  course,  according  to  circumstances, 
the  standard  being  12  inches  square  and  9  or  10  inches  deep. 

Lead  Flats. — The  same  rules  apply  to  lead  flats  as  to  gutters,  the 
falls  of  which  are  regulated  by  the  bearers,  which,  of  course,  are  stronger 
according  to  the  increased  bearing. 
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The  rolls,  etc.,  necessitated  by  the  widths  of  lead  or  zinc  will  be  dealt 
with  in  Chapter  XIV.,  on  Plumbing  and  Zincwork. 

Gutters  behind  parapet  walls  or  chimneys  are  under  the  same  rules 
with  regard  to  falls,  etc.,  as  last  described,  and  are  constructed  similar  to 
figs.  410  and  411  respectively. 


k  Scale 


Gutters,  owing  to  their  rise  up  between  the  roofs,  etc.,  increase  in  width 
consequent  on  the  greater  distance  between  the  eaves  of  the  roof  as  they 
get  higher  up  (see  fig.  412) ;  and  they  must  be  shown  to  increase  in  width 
on  all  plans  accordingly. 

All  leadwork  in  gutters  or  flats,  where  traffic  would  gradually  wear  it 
away,    should  be  protected    by  snow-boards^   which   consist    of  arched 
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bearers,  across  the  gutters,  supporting  laths  or  lattice-work  no  more  than 
Y^  inch  apart,  running  longitudinally  with  the  fall.  The  bearers  must  be 
arched  when  laid  across  to  allow  the  water  to  pass,  and  the  spaces  between 


F/g4l2ifS'caie 


the  laths  should  never  be  more  than  ^\ 


inch  in  width,  as  snow  will  get 
through  wider  interstices,  freeze,  expand,  and  upset  the  laths,  besides  forcing 
the  water  under  the  drip  or  drop,  and  causing  a  backing  up,  and  consequently 
letting  the  water  within  the  roof  when  the  thaw  sets  in  (m'(/e  fig.  413). 


CHAPTER  XI. 
IRON    AND    STKEL. 

Tig  Iron-Cast  Iron-Cast  Malleable  Iron-Wrought  Iron-RoUed  Girders  and  Joists- 


Steel. 


It  is  only  proposed  to  deal  with  the  subject  of  iron  and  steel  from 
^  builder's  point  of  view,  and  not  as  would  be  required  for  an  engmeer 
or  ironfounder,abriefr/.««^  being  given  of  the  various  points  of  which 
the  student  is  required  to  have  some  knowledge. 

Pig  Iron -Wrought  and  cast  iron  and  steel  are  all  made  from  ptg 
iron,  extracted  from  the  natural  ore  by  the  smelting  process  which  consists 
of  heating  the  ore  in  a  furnace,  after  it  has  been  crushed  into  smaller 
particles,  and  then  roasted  or  dried. 

When  in  the  furnace  limestone  is  added  to  the  prepared  dry  ore  to 
extract  its  impurities,  and  a  hot  or  cold  blast  passed  over  the  aggregate, 
re  ling  in  the  molten  metal  leaving  the  lighter  and  more  fusible  impurities 
at  the  top,  and  sinking  itself  to  the  bottom,  whence  it  is  run  into  long 
channels  with  branches  formed  in  sand  called  the  "sow  and  her  pigs, 
which  sives  this  iron  its  name.  ,       -■      j         a 

This  "pig"  or  unpurified  cast-iron  is  divided  into  the  foundry  and 
forge  qualities,  distinguished  by  the  combination  and  amount  of  the  carbon 
each  in  the  first  instance  contains,  the  resulting  cast-iron  having  a  propor- 
tion of  from  2  to  6  per  cent.,  while  steel  should  only  have  from  0-15  to  2-00 
per  cent.,  and  good  wrought-iron  should  be  practically  free  from  it. 

Carbon,  although  it  plays  such  a  very  important  part  m  iron  and  steel 
is  considered  a  foreign  matter,  the  effect  which  it  h^  on  the  d.fferen 
metals  depending  on  the  nature  of  its  combination.     When  it  is  in  .J.W 
combination  in  cast-iron  it  produces  a  white,  hard,  and  bnttle  metal,  only 
fit  for  the  commonest  uses,  such  as  sash-weights. 

On  the  other  hand,  a  mechanical  mixture,  in  which  particles  of  carbon 
appear  as  black  specks,  giving  it  a  grey  appearance  produces  superior 
metals,  that  of  a  light  grey  colour  being  hard  and  brittle,  and  suitable  foi 
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heavy  castings,  while  the  dark  grey  is  weak,  and  only  used  for  light 
ornamental  work ;  but  a  medium  quality  in  colour  gives  us  a  strong  and 
durable  metal,  of  weight-carrying  properties,  capable  of  resisting  con- 
siderable pressure. 

Cast  Iron. — White  cast-iron  is  made  from  forge  and  grey  from 
foundry  pigs,  each  of  which  is  remelted  and  run  into  the  moulds  formed  in 
sand  according  to  requirement. 

Good  cast-iron  should  be  of  uniform  toughness,  with  an  even  surface 
and  straight  edges,  to  show  even  shrinkage,  while  a  fracture  of  the  best 
quality  should  be  clean  and  bright,  of  a  bluish-grey  colour,  and  free  from 
any  air  or  sand-holes,  the  presence  of  which  can  easily  be  detected  in  the 
mass  by  the  hollow  sound  given  when  the  metal  is  hammered. 

All  angles  of  castings  should  be  gradual,  to  prevent  uneven  shrinkage, 


Sca/ef- 


as  a  thin  portion  will  naturally  cool  much  faster  than  a  thick  one ;  and 
where  these  two  are  adjacent  their  junction  must  be  gradual,  so  that  the 
thin  part  shall  not  set  first  and  act  as  a  check  on  the  other,  and  cause 
cracks.  This  point  is  of  especial  importance  in  castings  for  girders  and 
cantilevers,  on  account  of  the  great  difference  there  is  between  the  power 
of  cast-iron  to  resist  compression  and  tension,  the  former  being  38  tons  per 
square  inch,  and  the  latter  about  8  tons  ultimate  strength. 

The  **  safe  "  load  is  about  8  and  i|  tons  per  square  inch  respectively, 
or  nearly  in  the  proportion  of  i  to  6  ;  and  when  it  is  considered  that  both 
flanges  of  a  girder  are  subject  to  the  same  amount  of  stress,  the  top  one  of 
compression  and  the  bottom  of  tension,  it  is  obvious  that  their  respective 
sectional  areas,  to  resist  their  strains,  must  be  in  the  proportion  of  i  to  6, 
otherwise  there  would  be  either  a  waste  of  metal  or  lack  of  strength  in 
one  or  the  other. 

Therefore  the  section  of  a  cast  iron  girder  must  be  as  fig.  414,  the 


i66 


BUILDING  CONSTRUCTION. 


bottom  flange  having  six  times  the  area  of  the  top  one ;  while  the  web^ 
as  the  vertical  portion  is  called,  must  make  a  gradual  junction  between  the 
two  at  top  and  bottom. 

"  Girders,"  it  will  be  understood,  are  bearers  having  supports  at  both 
ends,  while  a  "cantilever,"  as  fig.  415,  has  only  one  end  fixed;  and 
consequently  the  strains  on  the  flanges  are  the  reverse  of  those  of  girders 
(as  will  be  explained  in  Chapter  XXIV.),  necessitating  also  the  reversal  of 
the  section  in  cast-iron  cantilevers,  which  should  be,  therefore,  as  shown 
in  fig.  416. 

Cast  Malleable  Iron.— "Cast  malleable  iron "  results  from  the  ex- 
traction of  a  proportion  of  the  carbon  out  of  cast-iron  by  means  of  embedding 
the  casting  in  oxide  of  iron,  and  reheating  it  in  an  annealing  or  softening 
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oven.  This  kind  of  iron  combines  the  qualities  of  wrought  and  cast-iron, 
and  is  used  for  intricate  work  in  wrought-iron  specialities,  being  welded 
to  the  wrought-iron  plainer  portions,  which   cannot  be  done  with  cast-iron. 

Wrought  Iron. — "Wrought  iron,"  which  has  now,  to  a  great  extent, 
superseded  cast-iron,  except  for  ornamental  purposes,  is  the  product  of 
"  Forge  Pig,"  the  resulting  metal  containing  not  more  than  0*15  per  cent, 
of  carbon.  The  excess  of  carbon,  it  is  obvious,  must  be  extracted  from 
the  iron,  the  usual  processes  being  as  follows  : — 

The  pig  iron  is  first  puddled  or  melted  clear  of  any  fuel,  but  with 
other  substances  (containing  oxygen)  to  take  out  the  remaining  carbon  \ 
and  when  this  is  done  the  metal  is  collected  and  cooled  into  lumps,  which 
are  then  shingled  or  placed  under  a  heavy  hammer,  by  which  the  iron  is 
consolidated,  and  all  other  foreign  matters  are  crushed  out. 

The  bloom^  as  it  is  called,  resulting  from  this  hammering,  is  then 
rolled,  while  still  hot,  into  puddled  bars,  which  are  the  first  and  lowest 
quality  of  wrought-iron.  As  manipulation  improves  the  tenacity  and 
strength  of  wrought-iron,  these  puddled  bars  are  cut  up,  piled,  heated,  and      ^ 
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rolled  as  before  ;  forming  the  merchant  bar^  or  second  quality  of 
wrought-iron ;  and  a  repetition  of  this  process  produces  the  best  bar,  B, 
or  third  quality ;  while  Best-Best,  B  B,  and  Best- Best- Best,  B  B  B, 
are  the  outcome  of  further  repetitions — each  such  operation  having  the 
eifect  of  giving  the  iron  a  more  uniform  fibrous  nature. 

Good  wrought-iron  is  of  a  very  tough,  fibrous,  weldable  nature,  capable 
of  elongation,  under  certain  weights,  with  little  proportionate  contraction 
of  area — varying  from  lo  to  20  per  cent,  according  as  it  is  across,  or  -with 
the  fibre  of  the  metal.  It  has  also  the  power  of  elasticity,  or  going  back 
to  its  original  size  and  section,  after  the  weight  has  been  removed ;  though 
it  can  be  fatigued  by  a  continuance  of  that  weight,  which  is  said  to 
cause  a  perma?ient  set ;  meaning  that  the  iron  then  stops  atl  the  position 
to  which  the  load  has  drawn  it,  and  this  is  said  to  be  its  limit  0/  elasticity, 
extending  to  one-half  its  ultimate  strength.  It  should  be  capable  of  bear- 
ing 24  tons  per  square  inch,  ultimate  tensile  strain,  and  about  20  tons  of 
compression  and  shearing ;  equivalent  to  safe  loads  of  about  5  and  4  tons 
respectively.  These  two  powers  of  resistance  are  so  much  more  nearly 
equal  in  wrought  than  in  cast-iron,  that  top  and  bottom  flanges  of  a  girder 
may  be  made  alike,  with  little  waste  of  material  or  forfeiture  of  strength. 

Rolled  Girders  and  Joists. — Therefore  girders  or  joists  are  rolled 
to  sections,  as  fig.  417  ;  and,  in  addition,  they  can  be  built  up  (in  wrought 
iron)  to  any  size,  section,  or  design ;  because  the  iron  can  be  welded, 
riveted,  bent,  rolled,  or  otherwise  worked  to  any  form,  which  cannot  be 
done  with  cast-iron  on  account  of  its  brittleness. 

The  surface  of  the  fracture  of  good  wrought-iron,  under  a  weight  ap- 
plied slowly  and  gradually,  should  be  stringy  in  appearance,  as  if  every 
little  fibre  had  held  out  to  the  last  on  its  own  account,  some  with  greater 
success  than  others ;  while  the  fracture  under  a  sudden  shock  would  be  of 
a  more  crystalline  nature,  its  coarseness  or  fineness  indicating  its  quality ; 
the  same  deductions  being  drawn  from  the  fine  or  coarse  strings  of  a 
gradual  fracture. 

Iron  contracts  or  expands  x:g-^V?ri7  ^^  ^^^  length  for  every  degree 
(Fahrenheit)  of  temperature ;  and  this  must  be  taken  into  consideration  in 
designing  large  wrought-iron  structures. 

Phosphorus  is  said  to  make  wrought-iron  cold  short — i.e.,  not  capable 
of  being  bent  and  worked,  as  it  should  be,  when  cold ;  while  the  presence 
of  sulphur  has  the  opposite  effect,  rendering  it  hot  short. 

Steel. — Steel  has  a  tensile  strength  of  32  tons  per  square  inch,  ultimate 
or  breaking  weight,  and  the  same  of  compression  with  shearing  at  24  tons 
— each  of  which,  it  will  be  noticed,  exceeds  the  power  of  resistance 
of  wrought-iron,  which  it  has  superseded ;  the  kinds  generally  used  for 
buildings  being  Siemens-Martin  and  Bessemer  Basic — the  former  usually 
preferred  on  account  of  its  greater  toughness,  though  the  latter  rolls  into 
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more  shapely  joists,  and  has  bye-products  valuable  to  the  manufacturer. 
This  difference  is  not  worth  considering  in  ordinary  buildings,  and  more- 
over the  Bessemer  Basic  is  a  trifle  cheaper. 

Steel  contams  trom  0-15  to  2  per  cent,  of  carbon,  the  amount  being 
regulated  either  by  addition  to  wrought  or  extraction  from  pig-iron,  as 
hereinafter  explained.  It  has  the  strengths  previously  mentioned,  with 
greater  elasticity,  and  combines  most  of  the  useful  characteristics  of  both 
cast  and  wrought-iron  ;  in  addition  to  which  it  can  be  hardened  or  softened; 
which  is  called  tempering, — the  former  being  done  by  reheating  and 
sudden  cooling,  and  the  latter  by  reheating  at  a  lower  temperature  and 
gradual  cooling. 

The  various  kinds  of  steel  are  made  as  follows  : — 

Tool  Steel,  as  the  name  implies,  is  used  for  all  kinds  of  instruments, 
including  knives,  and  other  cutting  tools.  It  is  the  product  of  "  cementa- 
tion," which  consists  of  the  cutting  up  of  pure  wrought-iron  bars  and 
heating  them  with  charcoal  at  a  high  temperature,  forming  Blister  Steel 
—so  called  because  of  the  blisters  made  by  the  process  on  the  face  of  the 
iron.  It  is  then  reheated  and  rolled,  forming  Spring  Steel]  while  the 
single  and  double  shear  steels  are  the  results  of  further  cementations,  after 
which  the  metal  is  hammered  together  by  a  large  "tilt "  hammer. 

Cast  Steel  includes  the  following  different  methods,  the  resulting  materials 
being  used  for  cutlery,  railway  rails,  and  wheels,  armour,  boiler  plates,  etc. : — 

The  Bessefuer  process  includes  the  melting  of  pig-iron  with  other 
fluxes,  to  produce  pure  wrought-iron,  to  which  the  required  carbon  is 
added  in  the  form  of  "  Spiegeleisen." 

The  Siemefis  process  substitutes  Mokta  ore  for  the  Spiegeleisen  ;  while  in 

The  Siemens-Martin  method,  wrought  scrap  iron  is  added,  to  give  the 
required  carbon. 

The  resulting  metal  is  then  rolled,  according  to  Whitworth's  patent,  to 
compress  the  mass  and  get  rid  of  the  holes  contained  in  all  cast-steel. 
These  last  processes  make  the  steel  which  is  usually  rolled  into  girders, 
etc.,  for  building  purposes. 

Mild  steel  can  be  made  by  the  above  processes,  but  contains  from 
o'2  to  o*5  per  cent,  of  carbon  only,  and  is  superior  to  wrought-iron. 

Wrought-iron  and  steel,  by  the  equality  of  their  diff'erent  powers,  have 
a  great  advantage  over  cast-iron,  which  they  entirely  supersede  for  most 
work  in  which  the  structures  are  subject  to  both  tension  and  compression, 
alternating  in  the  same  flanges,  especially  in  continuous  girders,  etc.  (as 
explained  in  Chapter  XXIV.). 

When  wrought-iron  or  steel  girders  meet  from  different  directions  over 
columns  they  must  be  grouped  together  by  angle  plates,  bolted  to  the 
webs  of  each  girder,  so  that  they  can  assist  each  other  to  make  up  for 
their  small  bearings,  which  should  scarcely  ever  be   less  than  9  inches 
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for  weight-carrying  joists,  girders,  etc.     Figs.  418  and  419  illustrate  what 
is  required  at  such  junctions  over  columns. 

To  guard  against  corrosion,  which  gradually  reduces  their  strength,  these 
metals  may  be  variously  treated,  by  being : — 

1.  Boiled  in  tar; 

2.  Plunged  into  oil  when  red-hot,  or  coated  with  boiled  oil ; 
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Section  thro'  Viebs 
(lookinq  down  ) 
Fig  419 

3.  Galvanized  by  a  covering  of  zinc  ;  or 

4.  Painted  with  oxide  of  iron  instead  of  lead-paint,  in  order  to  give 
them  some  protection  from  atmospheric  and  other  influences,  which  tend 
to  injure  them,  and  bring  about  deterioration  of  strength  ;  and  just  lately 
it  has  been  found  that  by  adding  a  small  proportion  of  aluminium  to  the 
steel  in  the  manufacture  the  corrosion,  to  which  it  is  greatly  and 
prejudicially  subject,  can  be  considerably  reduced. 


CHAPTER  XII. 

RIVETS  AND  RIVETING. 

Riveted  Work — Hand  Riveting — Machine  Riveting— Forms  of  Rivets — Size  of  Rivets — 

Methods  of  Riveting. 

Riveted  Work. — Riveting  is  the  means  by  which  "  first-class  "  wrought- 
iron  and  steel  framings  are  connected  together,  and  especially  girders  built 
up  of  several  members,  the  common  class  of  work  being  connected  by 
bolts  in  lieu  of  rivets.  It  can  be  done  by  hand  or  by  machinery,  and 
consists  of  circular  tapered  wrought-iron  pins,  as  it  were,  similar  to  fig.  420, 
with  heads  of  various  patterns,  which  are  driven  when  hot  into  holes 


Fit^  420 

concentrically  made  in  the  two  pieces  of  wrought-iron  or  steel  to  be 
connected  together.  The  rivets  should  be  made  of  the  very  best  (B  B  B) 
wrought-iron,  the  Staffordshire  and  Yorkshire  qualities  being  the  most 
suitable,  as  they  are  capable  of  withstanding  an  ultimate  shearing  strain 
(to  which  rivets  are  subjected)  of  about  25  tons  per  square  inch,  with  a 
contraction  of  area  of  from  40  to  50  per  cent.,  and  elongation  of  20  per 
cent,  before  a  permanent  set  takes  place. 

Good  rivet-iron  should  admit  of  being  doubled  up,  when  cold,  with- 
out showing  any  signs  of  fracture ;  and  the  heads,  when  hot,  should  be 
capable  of  withstanding  hammering  down  to  almost  a  flattened  thin 
surface  before  cracking  at  the  edges,  and  they  should  allow  of  a  hole 
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being  punched  through  them  of  nearly  their  own  diameter  without  crack- 
ing round  the  hole. 

Inasmuch  as  the  entire  strength,  and  consequently  the  successful 
adaptation  to  its  work,  of  the  structure  or  girder  often  depends  wholly 
at  certain  points  on  these  rivets — which  have  to  transmit  unaided  a 
complete  series  of  great  and  heavy  strains  from  one  plate  or  member 
to  another,  which  they  are  connecting  together — it  is  absolutely  necessary 
that  the  best  rivet-iron  should  always  be  used,  and  fully  up  to  the  specifica- 
tion on  which  the  calculations  for  the  girder  or  framing  have  been  based ; 
and  it  is  also  necessary  that  the  operation  of  riveting  should  be  performed 
in  the  best,  soundest,  and  most  workmanlike  manner. 

Hand  Riveting. — The  method  of  proceeding  in  *'  hand  riveting  "  is  as 
follows  :  A  gang,  of  two  boys  and  three  men,  is  set  on  to  each  job,  the 
boys  having  to  heat  the  rivets  in  a  portable  smith's  forge  adjoining  the 
work,  and  to  hand  them  up  in  buckets,  when  hot,  to  one  of  the  men  who 
stands  under  the  plates  to  be  connected  up.  This  single-handed  man — 
having  previously  knocked  out  of  the  rivet-holes  a  punch  with  which  he 
has  tested  them  for  position,  so  as  to  see  that  the  holes  in  the  plates 
coincide  properly  and  are  concentric — pushes  up  the  red-hot  rivet  through 
the  holes,  and  places  his  hammer  on  its  head  underneath.  On  the  pin  of 
the  rivet  coming  through  the  hole,  and  when  the  man  underneath  has 
secured  his  iron  to  its  head,  one  of  the  two  men  who  are  at  the  top  of  the 
plates  then  hammers  the  tail  of  the  rivet  down,  so  that  it  fills  the  holes 
completely.  It  is  to  be  noted,  that  it  cannot  be  driven  downwards  again 
through  the  plates,  because  of  the  man's  iron  below ;  and,  as  the  plates 
should  previously  have  been  hammered  close  together,  the  metal  shank 
cannot  be  squeezed  between  the  plates,  and  so  keep  them  apart  after- 
wards. 

This  being  done,  the  second  man  at  the  top  then  places  an  iron  die 
over  the  red-hot  iron,  which  has  now  been  compressed  within  the  holes, 
and  the  other  hammers  it  down,  so  that  the  die  forms  the  upper  end  or 
other  head  of  the  rivet.  The  rivet-heads  may  be  of  various  patterns,  as 
hereinafter  explained.  The  whole  of  this  process  only  lasts  a  few  seconds, 
and  on  the  iron  cooling  it  contracts  and  pulls  the  plates  together  by  means 
of  the  ends  of  the  pin  of  the  rivet,  as  the  sketches  will  explain. 

Machine  Riveting. — "Machine  riveting,"  of  course,  has  to  be  done  in 
the  shops  at  the  ironbuilder's  yard  or  works  ;  so  that  only  certain  parts, 
though  often  the  majority,  can  be  riveted  together,  by  machines,  which 
work  on  similar  lines  to  the  process  of  hand  riveting,  but  have  the 
advantage  of  making  both  ends  of  the  rivet  at  the  same  time,  while  the 
very  great  pressure,  oftentimes  from  50  to  60  tons,  compresses  the  iron 
and  fills  up  the  rivet  holes  so  much  better  than  when  done  by  hand  ',  and 
consequently,  when  the  rivets  cool  and  contract,  they  have  greater  power 
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to  pull  the  plates  together.  Indeed,  cases  have  been  known  where  the 
pins  of  machine-riveted  work  have  been  so  tightly  fitted  in  the  holes,  that 
when  the  heads  have  gone,  or  been  removed,  the  pins  have  kept  the  plates 
together  ;  and,  moreover,  the  pins  have  even  had  to  be  *'  drilled  out,"  when 
required,  because  they  could  not  otherwise  be  got  out.  Hence  it  will  be 
seen  that  machine  riveting  is  far  superior  and  better  than  that  clenched 
by  hand  ;  and  not  only  that,  but  the  work  is  done  so  much  cheaper  by 
machinery. 

The  employment  of  bolts  and  nuts,  to  connect  ironwork  together,  such 
as  plates,  is  not  to  be  compared,  in  point  of  strength  and  efficiency,  with 


rivets,  which  pull  the  plates  together  in  themselves,  when  they  cool,  after 
having  been  hammered  down,  whereas  bolts  can  only  be  screwed  up  to  the  !| 
plates,  so  that  the  tightness  of  the  connection  and  the  perfection  of  the  i| 
work  depend  solely  on  the  thread  of  the  bolt  and  nut. 

Forms  of  Rivets. — The  different  classes  of  rivets  are  distinguished 
by  their  different-shaped  heads,  and  the  different  modes  of  riveting  by 
the  order  in  which  the  rivets  are  placed,  and  the  number  of  rows  of 
them.     Among  the  different  kinds  of  rivets  the  chief  are  as  follows  :— 


n^  ^23 


Fia  424 


Snap  rivets,  as  fig.  421,  have  hemispherical  heads,  which  are  formed 
by  the  die,  and  are  sometimes  called  button  or  cupe n ded  nwQis. 

Hammered,  conical,  or  staff  rivets,  as  fig.  422,  are  made  by  the 
hammering  of  the  red-hot  iron  to  the  required  shape,  as  shown,  no  die 
being  used  for  these. 

Pan  rivets  are  similar  to  fig.  423,  and  counter-sunk  rivets  to  fig. 
424  ;  these  latter  being  used  where  the  plates  must  take  a  truly  level 
bearing,  which  would  not  be  possible  with  heads  which  project.  The 
holes  for  these  rivets  are  always  drilled  with  a  splayed  shoulder  within 
the  plates,  as  the  illustration  explains. 

The  holes  in  the  plates  may  be   either  punched  in   or  drilled,  the 
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latter  being  the  better  mode,  because,  while  ensuring  much  greater  accu- 
racy in  the  setting  out  of  the  pitch,  they  are  cleaner,  as  will  be  seen 
by  a  comparison  of  figs.  425  and  426;  and  they  also  do  not  injure 
the  fibres  of  the  plates  by  the  sudden  shocks  and  hammering.  Drilled 
rivet  holes  also  make  stronger  and  better  connected  work,  so  that  the 
rivets  need  not  be  so  large  as  for  punched  work. 

Size  of  Rivets. — The  rule  for  proportioning  the  size  of  the  rivets  in 
punched  holes,  as  laid  down  by  wSir  W.  Fairbairn,  is :  For  the  diameter  of 
the  rivets,  double  the  thickness  of  the  plate  under  |  inch  thick,  the  larger 
plate  always  being  taken  as  the  basis  for  their  diameters ;  in  plates 
above  i  inch  thick  the  diameter  of  the  holes  should  be  i|  times  the 
thickness  of  the  larger  plate. 

The  holes  are  made  slightly  larger  than  the  rivets,  which  expand 
when  hot  ;  and  they  are  set  out  to  different  pitches,  by  which  is 
meant  the  distance  from  centre  to  centre  of  the  holes,  the  numeral 
used  (as  4-pitch)  denoting  the  number  of  diameters  of  the  rivet  from 
centre  to  centre. 
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The  common  pitches  are  4  or  5  diameters,  equivalent  to  from  4  to 
6  inches,  according  to  the  size  of  the  rivets.  In  the  outside  row  no 
rivet  should  be  placed  nearer  than  its  own  diameter  to  the  edge  of  the 
plate ;  and  punched  holes  should  be  farther  away  from  the  edge  of  the 
plate  than  drilled  ones,  because  they  weaken  the  plate  more. 

Methods  of  Riveting. — Riveting,  as  before  noted,  is  distinguished 
by  the  order  and  number  of  the  rows  at  the  joint  required  to  transmit 
the  whole  strain  from  one  plate  to  the  other,  through  the  medium  of  the 
rivets  themselves.  Za/>  joints  require  only  one  set  to  convey  a  strain  from 
plate  to  plate ;  while  Jisk  joints  require  two  sets,  the  one  to  transmit  the 
strain  from  one  plate  to  the  fish-plate,  and  the  other  set  to  take  it  from 
the  fish-plate  to  the  other  long  plate.  Thus,  two  single  rows  at  a  foh 
joint  would  be  called  a  cfoud/e  row  at  a  lap  joint. 

Fig.  429  illustrates  quadruple  zigzag  riveting  on  a  lapped  joint, 
similar  in  section  to  fig.  427,  while  it  would  be  called  "double  zigzag 
riveting "  if  the  joint  were  fished  similar  to  fig.  430 ;  so  that  single, 
double,  triple,  and  quadruple  riveting  differs  for  lap  and  fish  joints, 
and  others  of  similar  character,  and  care  must  always  be  taken  to 
describe  them  properly,  according  to  the  nature  of  the  joint. 
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Lap  or  lapped  joints,  as  fig.  427,  consist  of  two  plates  overlapping 
one  another,  to  be  riveted  together. 

Fish  or  fished  joints  are  as  fig.  430  in  section,  which  should 
explain  itself  after  the  previous  remarks,  and  what  has  been  said  on 
fished  joints  in   carpentry. 


Section 
Fig  427 


Jump  joints,  in  riveting,  are  for  compression  when  they  are  employed, 
which  should  be  very  seldom,  as  the  strength  of  the  connection  depends 
more  on  the  butting  surfaces  of  the  plates  than  the  rivets ;  and,  whether 
these  surfaces  be  planed  or  not,  the  very  act  of  riveting  the  joint  has 
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a  tendency  to  twist  them,  so  that  the  weight  is  not,  as  it  should  be, 
evenly  distributed  over  the  butting  surfaces;  and  where  the  rivets  have 
not  been  calculated  to  take  the  whole  strain  the  joint  fails. 

All  riveted  joints    should  be    calculated  and  designed   so  that   the 
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rivets  can,  if  necessary,  take  the  whole  strain  successfully,  whether  it 
be  of  tension  or  compression,  in  the  length  of  the  girder,  stanchion,  or 
framing. 

Double  riveting,  and  other  kinds,  superior  in  the  number  of  the  rows, 
may  be  either  chain  or  zigzag  in  form,  as  figs.  428  and  429  respectively ; 
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the  "zigzag"  being  considered  better  than  the  "chain,"  because  the 
holes,  being  alternate,  do  not  take  so  much  out  of  the  continuity  of 
the  fibres  of  the  plates.  For  example,  in  fig.  429,  only  one  hole,  as  it 
were,  is  taken  out  of  one  continuous  fibre ;  whereas  if  it  were  "  chain  " 
(fig.  428),  two  holes  would  be  taken. 

Section 
Fig.  430. 

The  strength  of  a  solid  plate  being  taken  at  100  single  riveted 
joints,  by  way  of  comparison,  may  be  taken  at  56,  double  at  70,  and 
chain  riveting  at  85. 


CHAPTER  XIII. 

IRON   ROOFS. 

Iron  versus  Wood — Wood  Members — Iron  Trusses — Strains  on  Truss  Members — 
Joints  and  Connections — Dimensions. 

Iron  versus  Wood. — The  student  will  have  noticed  (in  Chapter  XI.) 
how  the  use  of  iron  tends  to  supersede  that  of  wood  in  roofs  originally 
designed  and  executed  in  wood ;  and  as  excellence  in  the  production  of 
wrought-iron  of  various  forms  increased,  so  it  gradually  displaced  wood  in 
the  construction  of  roofs,  first  taking  the  parts  of  various  members  of  the 
different  trusses,  for  which  it  was  in  many  ways  the  more  suitable  material, 
until  now  it  has  almost  completely  taken  its  place  for  the  roofs  of  such 
buildings  as  stations,  warehouses,  factories,  and  similar  constructions  of  a 
plain,  substantial  character,  and  where  no  ceilings  are  required ;  whereas, 
in  trusses  for  the  roofs  of  domestic  buildings,  the  difficulty  of  dealing  with 
them  in  a  simple,  practical  manner  precludes  the  exclusive  use  of  iron — 
though  it  must  be  pointed  out  that  iron  is  still  used  for  the  trusses  only 
in  all  buildings,  seeing  that  the  purlins  must  necessarily  be  of  wood  to 
receive  the  rafters,  which  must  also  be  of  wood,  for  the  purpose  of 
securing  the  roof-boarding  or  laths  which  carry  the  slates  or  other  external 
coverings.  These  wooden  members — or,  rather,  the  longitudinal  parts  of 
roofs,  such  as  purlins  or  ribs,  and  ridges,  to  which  the  covering  framing  is 
secured — are  supported  in  their  respective  positions  by  angle-irons  and 
other  similar  means,  which  are,  in  their  turn,  secured  by  bolts  or  rivets  to 
the  principal  rafters,  etc.,  of  the  iron  trusses. 

Before  proceeding  to  deal  with  the  iron  trusses  themselves  it  will  be 
well  to  fully  explain  this  part  of  the  subject. 

Wood  Members. — The  ridge  is  generally  treated  as  in  fig.  431,  being 
let  into  a  special  casting  fitted  and  secured  to  the  apex  of  the  iron  truss ; 
or  it  is  held  up  between  two  short  pieces  of  angle-iron,  also  secured  to  the 
truss,  as  fig.  432. 
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The  purlins,  or  ribs,  which  support  the  common  rafters — or  to  which, 
when  placed  closer  together,  the  boarding  itself  is  affixed — are  secured  by 


Wooc/. 


Side   Elevation 


Fig  431 


Front   Elevation 


coach  screws  to  angle-irons,  as  fig.  433,  bolted  to  the  back  of  the  principaJ 
rafter,  just  as  cleats  assist  purlins  on  wooden  trusses. 


Fi^  432 

Iron  Trusses. — Iron  trusses  have  a  lighter  appearance  than  wooden 
trusses,  though  they  can  be  made  much  stronger,  according  to  require- 
ments, both  wrought  and  cast-iron  being  employed  in  their  construction  in 
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the  first  instance.  The  cast-iron  is  used  for  the  members  in  compression, 
as  rafters  and  struts ;  while  wrought-iron  is,  of  course,  used  for  ties  and 
suspension  rods,  whether  kings^  queens^  or  princesses^  as  they  are  called 
in  wooden  roofs.  As  cast-iron  was  very  fragile — liable  to  snap  under 
sudden   shocks,   etc.,   and   otherwise   troublesome — it  was   in   course  of 
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time  displaced  by  wrought-iron,  which  has  the  advantage  of  being  almost 
equally  as  strong  to  resist  compression  as  tension — a  great  point  in  some 
members  which  are  liable  to  both  compression  and  tension,  almost  touching 


rig  434 


each  other,  as  it  were  (as  will  be  explained  in  Chapter  XXIV.  on 
"  Strains  "),  so  that  now  iron  roof  trusses,  with  the  exception  (and  that  not 
always)  of  the  shoe,  connecting  the  truss  to  the  bearings  on  the  supports, 
are  completely  built  up  of  wrought-iron. 

When  iron  trusses  first  came  into  vogue  they  were  made  of  similar 
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form  to  wooden  trusses,  as  in  figs.  434  and  435— which,  it  will  be  seen, 
are  identical  with  "  king  "  and  "  queen  "-post  wooden  trusses — but  subse- 
quently it  was  found  out  that  these  old  lines  of  principle  could  be  deviated 
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from  with  advantage,  causing  a  saving  of  labour  and  material  without  any 
loss  of  strength  whatever.  Among  the  various  novelties  in  form  then  and 
afterwards  introduced  were  trusses  similar  to  figs.  436  to  441  ;  or  they 
were  oftentimes  made  of  circular  form — i.e.,  with  a  circular  roof  formed  by 


a  circular  principal  rafter,  the  framing  to  support  it  being  on  lines  following 
one  or  other  of  the  triangular-shaped  trusses  hereinbefore  illustrated. 

Strains  on  Truss-members.— In  the  study  of  iron  roofs  it  helps  the 
student  considerably  to  have  a  knowledge,  however  slight,  of  the  different 
strains,  whether  of  tension  or  compression,  which  the  members  are  gene- 
rally subjected  to ;  and  with  tliat  end  in  view  the  writer  would  suggest 
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that  the  following  simple  comparison  be  employed  to  distinguish  one  from 
the  other — viz.,  if  a  rope  can  be  substituted  for  the  piece  of  iron,  then  it 
may  be  taken  for  granted  that  that  member  is  in  tension ;  whereas,  if  such 
substitution  cannot  be  made  without  detriment  to  the  structure,  it  is  in 


compression.     This  being  ascertained,  rods  must  be  used  for  tension,  and 
T's  for  compression,  ;^enerally. 

With  this  knowledge  the  student  should   be  perfectly  able  to  apply 
he  principle  of  the  fallowing  illustrated  explanations  of  the  ordinary  Joints 
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to  whatever  ordinary  roof  is  required.  It  would  be  an  endless  undertaking 
to  point  out  the  peculiarities  of  all  joints  of  the  many  forms  of  iron  roof- 
trusses,  so  that  an  exposition  of  the  principles  must  sufifice  once  for  all. 


I 


I    Side  , Elevation 
A 


Joints  and  Connections.— The  foot  of  the  truss  is  collected  top;ether 
and  connected  to  the  supports  by  means  of  a  cast-iron  shoe  (as  figs.  442  to 
445)>  which,  it  will  be  seen,  is  a  flat-bedded  casting,  with,  as  it  were,  two 
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jambs,  cheeks,  or  posts  rising  from  it,  and  between  these  cheeks  (as  they 
may  be  called)  is  placed  the  web  of  the  T-shaped  rafters  ;  the  remaining 
space,  between  the  web  and  the  two  cheeks,  being  filled  up  with  thin 
wrought-iron  bars,  which  extend  within  the  truss,  and  in  their  turn,  figura- 
tively speaking,  grip  the  tie-rod. 


1 


GibsA  cothers 


Through  these  two  cheeks,  bars,  and  the  web  of  the  rafter,  a  pin  or 
bolt  is  placed  and  screwed  up  at  the  outside,  forming  a  complete  connec- 
tion and  perfect  attachment  of  all  the  members  to  the  shoe — which  is 
itself  secured  to  the  supports  by  ragged  bolts,  leaded  into  a  hard  stone 
pad  built  within  the  wall. 


ufttiijm 


Sectionxt  : 
£nd  E/evatton 
Fig  444 


Fig  445 
Section  on  A.  A.  Fig  12 
A  Elevation  of  shoe  behind 


Sometimes,  in  common  roofs,  two  angle-irons  are  bolted  on  each  side 
of  the  wrought-iron  bars  enclosing  the  web  of  the  rafter,  being  themselves 
secured  to  the  pad-stones  in  the  same  manner  as  the  cast-iron  shoes  (see 
fig.  446,  which  is  a  front  sectional  elevation).  In  large  trusses,  the  con- 
traction and  expansion  of  the  iron,  as  affected  by  the  temperature,  must 
be  taken  into  consideration ;  wherefore  the  shoes  are  made  with  a  sort  of 
ribbed  base,  which  rests  on  oiled  rollers,  working  on  the  bottom  side  of  an 
iron  box  built  into  the,  wall  to  receive  the  shoe  or  chair,  as  it  is  sometimes 
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called.     This  method,  of  course,  supersedes  the  use  of  ragged  bolts,  and 
is  shown  in  sectional  elevation  at  fig.  447. 
m         Where  the  shoe  or  chair  has  to  be  supported  on  columns,  it  is  con- 
nected, as  shown  in  fig.  448,  to  the  abacus  or  square  plate  on  the  top  of 
the  cap  of  column. 


F/^  448 


Fi^   449 


If  there  happens  to  be  an  outlet  of  an  eaves-gutter  next  to  a  column 
in  a  roof  of  this  description,  the  water  must  be  made  to  run  down  the 

j  inside  of  the  column  as  the  downpipe,  the  water  being  conveyed  to  an 
inlet-hole  specially  cast  on  the  column  by  means  of  a  "  swan-neck,"  as 

*    fig.  449- 
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The  rafters  at  the  apex  and  the  suspension  rod  are  connected  together 
by  thin  cover  plates  on  each  side  of  the  web  of  the  rafters,  gripping  the 
suspension  rod  below  the  rafter  apex,  where  there  is  a  space,  as  fig.  450. 


L 


E  /evation 


Section 


A  strut  and  suspension  rod  are  connected  to  the  rafter  by  a  joint,  illus- 
trated by  fig.  45 1 ;  the  web  of  the  strut  being  attached  on  one  side,  and 
the  flattened  eye  of  the  rod  the  other.     The  three  are  connected  together 


Elevation 


F/g  4-5 f 


Sect/on 


by  a  bolt,  and  the  flange  of  the  strut  is  cut  off  close  up  to  the  underside  of 
the  web  of  the  T  rafter. 

Struts,  from  their  great  tendency  to  bend,  when  in  long  lengths,  under 
heavy  weights,  have  often  to  be  built  up  of  various  blocked  members, 
as  figs.  452  to  455,  in  lieu  of  plain  T-iron,  which  is  used  under  ordinary 
circumstances.     They  may  be  either  straight  or  bulged,  the  latter  being 
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preferable,  but  more  troublesome  {vide  figs.  453  and  454).  The  ends  of 
the  rods  are  forged  out  from  the  round,  to  grip  the  two  plates  of  the  strut 
enclosing  the  flattened  tie-rod,  as  shown  in  the  enlarged  section  (fig.  455). 


Front  Elevation 
Fi^  452 


Fiq  453 


Fi^  467 
A  single  strut,  of  ordinary  T-iron,  is  connected  to  the  tie-rod,  as  in 
fig-  456 ;  the  web  of  the  strut  being  cut  off  and  the  flange  bent  over  the 
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bulged  tie-rod,  the  suspension  rod  going  through  both,  and  being  bolted  up 
underneath.  If  the  flange  of  the  strut  is  cut  off  at  the  top  joint  between 
the  strut  and  the  rafter,  the  web  is  cut  off  at  the  bottom  joint  between  the 
strut  and  the  tie-rod,  and  vice  versa. 

The  joint  at  the  foot  of  the  centre  suspension  rod  and  struts,  when  of  T- 


iron,  is  as  fig.  457,  fig.  452  also  applying  to  this  joint,  with  a  little  modifi- 
cation, when  the  strut  is  built  up.  As  it  is  usual  to  camber  the  tie-rods, 
they  are  made  in  two  lengths,  and  connected  at  this  joint  as  the  illustration 
explains. 

Louvres  and  lanterns^  on  iron  roofs,  are  constructed  by  cast-iron 
supports,  secured  to  the  top  of  the  T  rafters  to  carry  the  roof  framing,  as 
fig-  458,  the  wall-plate  being  fixed  by  coach  screws  through  holes  drilled 
on  the  top  of  the  casting,  as  shown  in  elevation. 


gijgsMsR        'msm^A^mm^ 


Fig  459 

When  tie  and  other  rods  have  to  be  jointed  in  their  length,  they  are 
treated  as  fig.  459,  which  illustrates  a  coupling-screw,  X  being  a  minus- 
thread — i.e.,  within  the  circumference,  and  the  other  a  plus-thread—/.^., 
projecting  beyond  the  circumference.  It  will  be  seen  that  the  turning  of 
the  hexagonal  coupler  draws  each  rod  inwards  or  pushes  it  outwards,  the 
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threads  being  different  at  each  end — the  one  a  right-handed,  the  other  a 
left-handed  screw. 

Diag07ialy  or  cross-ties,  are  used  for  tying  several  roof  trusses  together 
to  resist  a  strong  wind,  driving  at  their  end,  and  having  a  tendency  to  make 
them  overturn.  Fig.  460  illustrates  their  use,  one  end  being  fixed  to  the 
foot  of  one  truss  at  X  X,  from  which  it  runs  up  to  the  ridge  of  Z.  Such 
cross- bracing  is  requisite  for  wood  and  iron  roofs  with  gable  ends  alike. 

Iron  roof  trusses  are  usually  placed  about  7  feet  apart,  the  same  distance 


Fi<^  460 

generally  being  between  the  suspension  rods,  measured  along  the  tie-rod, 
and  also  between  the  struts  to  the  rafters. 

The  rise  of  iron  roofs  (which  are  generally  covered  with  light  materials 
in  weight)  is  from  4  to  5  of  their  span;  the  tie-rod  cambering  from 
iV  ^o  TT  of  its  length. 

Dimensions. — The  following  table  gives  the  safe  and  economical 
sizes  of  the  various  members  of  strut  and  tie  wrought-iron  roof  trusses, 
of  different  spans,  spaced  6  feet  8  inches  centre  to  centre  : — 


span. 

Diameter  of 
parts  of 
lie-rod. 

Diameter  of  Suspension  rods. 

Dimensions  of 

King. 

Queen. 

Princess. 

T  struts. 

T  rafters. 

Inches. 
2^   X  2      X  1 
2f   X   2»    X   f 
2I    X   2^    X   ^ 

3  X   2|    X    ^ 

3i  X  3    X  h 

4  X  34  X  i 

4  X  3^  X  1 

5  X  47  X  1 

Feet. 
20 
25 
30 

35 
40 

45 
50 
55 

Inches, 
^and^ 
I  and  1 
i4  and  I 

:i  :f  :* 

i|  li  H 
ih  If  li 
If  ih  If 

Inches. 

:i 

H 

If 

Inches. 

Inches. 

1 
f 
f 

i 

I 

Inches. 
2     X  2      X  1 

2  X   2      X    f 
2\    X    2.1    X    t 
2^    X    21    X    3 
2^    X    2i    X    § 

3  X    3       X    ^ 

3  X  3     X  f 

4  X  4     X  ^ 

CHAPTER  XIV. 
COVERINGS    FOR    ROOFS. 

Lead  Work— Lead  on  Roofs— Zinc  Work— Zinc  on  Roofs— Slates— Forms  of  Slates- 
Fix  ng  of  Slates— Tiles— Fixing  of  Tiles— Special  Forms  of  Tiles 

Lead  Work.— Lead  is  a  material  of  a  soft,  heavy,  highly  fusible,  and 
extremely  flexible  nature,  used  as  a  covering  to  flat  roofs,  and  as  a  means 
of  rendering  slated  and  tiled  roofs  watertight ;  being,  on  account  of  its 
flexibility,  highly  adapted  for  all  angular  and  similar  joints  in  roofs,  where 
the  brittle  nature  of  tiles  and  slates  renders  them  useless.  It  has  no 
strength  whatever,  and  is  the  product  of  an  ore  which  is  smelted  down  to  a 
molten  state,  and  rolled  into  large  sheets,  or  made  into  pipes  and  cast-pigs 
which  are  beyond  the  province  of  this  chapter. 

The  sheets  may  be  either  cast  or  milled,  the  former  being  heavier  in 
weight,  thicker,  and  harder ;  but,  on  account  of  its  irregularity  in  thickness 
and  liability  to  flaws  and  sandholes  in  the  casting,  it  is  of  little  service  to 
the  plumber,  except  in  very  heavy  work  and  the  covering  of  exceptional 
church  roofs. 

Milled  lead  is  rolled  out,  as  the  name  implies,  into  thinner  sheets  of  a 
more  uniform  thickness  and  denser  nature,  and  it  is  in  this  form  that  lead 
is  mostly  used  by  the  builder  or  plumber  for  roof-coverings  and  similar 
work,  in  which  it  can  be  "  bossed  "  up  as  required.  Its  quality  is  described 
by  its  weight  per  superficial  foot,  the  qualities  most  used  being  4,  5,  6,  7, 
and  8  lbs.  per  foot  in  weight ;  and,  to  give  the  student  an  approximate 
idea  of  its  thickness,  it  may  be  mentioned  that  7  lbs.  milled  sheet  lead  is 
a  little  under  and  8  lbs.  a  little  over  \  inch  in  thickness. 

Except  in  very  exposed  positions  the  following  weights  are  suitable,  and 
generally  used  for  the  nature  of  work  specified :  4-lb.  for  soakers ;  5-lb. 
for  flashings ;  6-lb.  for  valleys  ;  and  7-lb.  for  gutters,  flats,  hips,  and  ridges. 

It  should  always  be  borne  in  mind  that  the  sun  has  great  power  over 
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lead,  drawing  it  away,  as  it  were,  so  that  leadwork  should  never  be  securely 
fixed,  but  always  free  to  move.  Before  proceeding  to  enter  fully  into  the 
details  of  the  various  positions  in  which  lead  is  used  it  will  be  advantage- 
ous to  enable  the  different  parts  to  be  identified  on  a  roof  plan. 

Lead  on  Roofs. — Fig.  461  represents  a  plan  of  a  roof,  and  will  show 
most  of  the  positions  in  which  lead  is  used  on  a  roof,  the  letters  on  the 
plan  referring  to  the  following  members  :  A,  a  ridge  ;  B,  a  hip ;  C,  a 
valley ;  D,  a  flat ;  E  and  F,  gutters  between  two  roofs  ;  G,  gutters  behind 


a  parapet ;  H,  a  cesspool ;  L,  a  roll ;  M,  a  drip ;  N,  a  gutter  behind  a 
chimney ;  P,  an  apron  in  front  of  a  chimney ;  Q,  the  parapet  wall ;  R,  the 
top  of  cornice  ;  S,  a  gable  where  the  flashings  and  secret  gutter  would  be 
used  ;  T,  a  step-flashing  on  the  side  of  a  chimney ;  V,  junction  of  flat  and 
roof;  W,  an  iron  eaves-gutter. 

Following  this  key  plan,  we  have,  first,  the  ridge  A,  which  is  treated  as 
fig.  462,  a  wood-roll  2^  inches  in  diameter  being  secured  by  double- 
shouldered  spikes  to  the  ordinary  ridge  as  shown ;  or  nailed  to  a  bevelled 
fillet  secured  to  the  ordinary  ridge,  as  fig.  463,  the  object  of  which  is  to 
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enable  the  plumber  to  be  the  better  able  to  dress  the  lead  under  the  roll, 
in  order  to  form  a  key,  so  as  to  prevent  the  sun  from  drawing  it  off. 

In  practice,  the  bottom  of  the  roll  should  be  no  less  than  2  inches 
above  the  top  of  the  ridge  to  allow  for  this  key ;  and  the  wings  or  sides  of 
the  lead  covering  should  extend  7  inches  down  the  roof  over  the  slates. 
The  lead  is  put  on  in  7  or  8-feet  lengths,  with  a  6-inch  lap  at  the  joints, 


Fi^  462 

and  fastened  down  on  the  top  (so  that  it  has  freedom  to  move  elsewhere) 
by  round-headed  copper  spikes,  or  by  lead  tags  about  ik  inches  wide, 
fixed  by  copper  nails,  2  or  3  feet  apart,  to  the  woodwork  underneath,  as 
fig.  464. 

B.  Hips  are  treated  in  section  in  a  similar  way  to  ridges,  the 
difficulty  at  the  junctions  with  the  ridge  being  got  over  by  the  hips  being 
dressed  down  first,  and  the  ridge  lapping  over,  as  fig.  465  ;  and  the  foot  of 


s /snide 


the  hip  is  bossed,  as  shown  at  the  foot  of  the  same  figure,  the  roll  itself 
stopping  several  inches  off  the  eaves,  and  being  rounded  off  for  the  lead  to 
be  dressed  over  as  illustrated. 

C.  Valleys  are  internal  angles,  as  opposed  to  hips,  which  are  external. 
Fig.  466  represents  a  section  of  a  valley ;  5  inches  of  lead  should  be 
visible  from  the  edge  of  the  slate  to  the  centre  or  angle  of  the  valley,  to 
allow  a  person  to  walk  up  them  without  breaking  slates,  and  the  lead  should 
go  6  inches  under  the  slates^  and  be  nailed  by  copper  nails,  always  over 
the  tilter,  and  just  turned  up  the  roof,  as  shown.     They  are  put  on  in  7  or 
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8-feet  lengths,  and,  where  a  joint  occurs,  the  bottom  piece  is  copper-nailed 
6  inches  under  the  upper  piece,  which  is  dressed  over  similarly  to  fig.  467. 
A  saddle-piece  is  used  at  the  top,  next  the  ridge,  just  as  for  hips,  the 
valley-piece  going  6  inches  under  the  saddle-piece. 


D.  Flats^  as  the  name  implies,  are  roofs  with  small  pitches  which  have 

[to  be  covered  with  lead  (or  zinc),  as  slates  and  tiles  are  wholly  unsuitable 

and  ineffectual.     The  boards  on  which  the  lead  is  to  be  dressed  should  be 

laid  "with  the  fall,"  so  that  there  may  be  no  projections  and  sharp  edges 

across  the  fall  to  cause  the  lead  to  wear ;  and  for  the  same  reason  they 


F\(j  466 


rig  467 


should   be   also   of  such   thickness   that   there  is  no  possibility  of  their 
warping. 

The  boards  being  laid  according  to  the  above  principle,  and  to  a  fall 
of  ii  inches  to  2  inches  in  10  feet,  and  as  the  lead  should  never  be  in 
more  than  lo-feet  lengths  at  the  outside,  and  that  only  in  exceptional  cases 
— 7  or  8-feet  lengths  are  the  best,  and  also  the  most  economical,  as  the 
lead  sheets  are  only  7  feet  9  inches  wide,  sizes  above  that  length  having  to 
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be  cut  lengthwise — the  rolls  to  joint  it  are  fixed  at  certain  distances  apart, 
usually  2  feet  io|  inches  from  centre  to  centre,  or  about  32  inches  apart, 
so  arranged  (for  economy)  that  two  widths  can  be  cut  without  waste  out  of 
the  width  of  a  sheet  7  feet  9  inches  wide ;  it  is  also  unadvisable  to  have 
the  lead  in  larger  surfaces,  in  view  of  the  sun's  power  over  it. 

These  rolls,  fixed  at  the  above  distances  apart,  are  used  as  a  basis  for 
the  joint,  one  side  of  the  sheet  of  lead  going  over  and  being  secured  by 
copper  nails  to  one  roll  as  X,  on  fig.  468 ;  and  the  other  side  is  lapped  to 


a  distance  of  i|  inches  on  the  flat,  over  another  sheet  already  treated  as 
the  first  side.  This,  it  will  be  seen,  makes  a  complete  covering,  and  allows 
the  lead  to  expand,  as  it  will  be  noticed  that  it  is  only  fixed  at  one  side,  as 
X,  the  other  being  loose  and  dressed  over  the  roll  to  keep  it  in  position. 
The  ridge  and  hips,  on  the  flat  shown  in  fig.  461,  are  treated  in  exacdy  the 
same  manner ;  the  mitres  being  dealt  wiih  as  fig.  469,  one  sheet  lapping 


Fi^  463 

over  the  complete  joint,  covering  up  the  other  different  sheets  in  a  manner 
similar  to  the  sections  on  fig.  468.  The  ends  of  the  rolls  are  bossed 
similarly  to  hips. 

The  nose,  or  eaves,  of  the  flat,  on  to  the  roof,  is  worked  as  fig.  470,  the 
under-piece  (called  an  apron)  being  dressed  and  copper-nailed  into  a 
rounded  rebate  worked  on  the  boards  across  their  grain,  so  that  the  top 
piece  of  lead  may  not  be  tilted  up  by  the  under-piece. 

E  and  F.  Gutters  between  roofs  and  behind  parapets,  as  G,  are 
subject  to  similar  rules  to  the  last-named  with  regard  to  falls  and  the 
lengths   of  the  sheets  of  lead  between  drips  M,  or  drips  and  rolls  L; 
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the  widths  being  regulated  by  the  width  of  the  gutters,  which  increase  in 
width  in  their  ascent,  as  explained  in  the  chapter  devoted  to  "  Carpentry." 


X^ 


Fig.  471  represents  a  section  of  a  gutter  between  two  roofs,  where  the 
width  of  gutter  precludes  the  lead  being  used  in  one  width,  as  fig.  472. 

13 
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It  should  be  here  pointed  out  that  a  gutter  should  always  be  9  inches 
on  the  flat  at  its  lowest  point,  increasing  in  width  as  it  rises. 

G  and  N.     Fig.  473  is  a  section  of  a  gutter  behind  a  parapet  wall  or 


chimney,  the  lead  being  turned  4  inches  up  the  wall  at  X,  and  covered 
over  by  a  cover-flashing  5  inches  wide,  wedged  with  oak  or  lead  wedges 
into  a  brick  joint  or  stone  groove.     It  will  be  noticed  that  the  lead  goes 


6  inches  under  the  slates ;  but  this  should  be  increased  to  9  inches  in  flat 
roofs,  where  snow  would  lodge,  as  the  flatter  the  pitch  the  less  height  there 
is  between  the  top  of  the  gutter  and  the  top  of  the  lead,  as  fig.  474,  for  the 
snow  to  lie  in. 


J  f^^ 


7-9  on  more  than 
10  0  lon^. 


—rjctiiuiiiM^i^jji^ 


rig   475 


Rolls  are  used  across  gutters  falling  both  ways  to  joint  the  lead  and  to 
divide  them  as  a  ridge  does  a  pitched  roof. 

Fig.  475  gives  a  longitudinal  section  of  a  gutter,  starting  from  a  pitched 
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roof,  downwards  through  one  drip,  which  may  be  treated  either  as  figs. 
476,  477,  or  478. 

H.     Cesspools  are  boxes  formed  at  the  bottom  of  gutters,  to  collect  th€ 


Fiij  476 
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water  previous  to  discharging  it  through  a  pipe  from  a  hole  in  the  bottom 
to  the  head  or  downpipe.      The  best  way  to  treat  them  is  as  shown  l?y 


/■/y  478 

fig.  479,  which  needs  no  explanation  ;  except  to  say  that  where  the  angles, 
sides,  and  bottom  of  the  box  cannot  be  bossed  in  one  piece  they  must  be 


Fiq  473 


soldered— i.e.,  copper-nailed  and  covered  with  solder  (a  composition  of 
lead  and  tin)  laid  on  while  hot  to  adhere  to  and  connect  the  adjoining 
lead. 
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N  and  P,  a  gutter  and  an  apron.  Fig.  480  gives  a  section  through  a 
chimney,  showing  the  gutter  at  the  back,  and  an  apron  flashing  in  the  front, 
both  of  which  should  be  not  less  than  6  inches  longer  than  the  width  of 


the  chimney,  at  each  end,  so  that  they  can  be  laid  on  one  slate,  and 
covered  by  another  to  make  a  water-tight  joint,  as  fig.  481. 


Fig  4Mi 


The  elevation  of  the  side  of  a  chimney,  showing  a  step  flashings  is  as 
fig.  482  These  step  flashings  are  more  ornamental  than  the  plain  cover 
flashing,  fig.  483 ;  and  they  are  either  cut  out  in  one  piece  5  inches  wide 
to  work  in  with  the  brick  joints  as  fig.  484,  or  each  is  put  on  as  a  separate 
step,  as  fig.  485  ;  their  object,  and  that  of  other  flashings,  being  to  cover 
the  up  turns  of  gutters,  as  shown  by  X,   on  fig.  473 ;  or  of  soakers^  as 
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Fig  485 
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fig.  482  ;  a  soaker  being  a  small  piece  of  lead  the  length  of  the  gauge  and 
lap  of  a  slate  or  tile  (as  explained  in  the  next  chapter),  by  6  or  7  inches 
wide,  3  of  which  go  on  and  under  the  slates,  and  the  remaining  4  are 
turned  up  the  chimney  or  the  gable,  as  fig.  486. 

Flashings  must  always  lap  at  the  angles  round  a  chimney — i.e.^  the  step 
or  side  flashing  must  turn  round  the  angle,  on  to  and  over  the  apron ;  and 
the  cover  flashing  of  the  gutter  must  do  the  same  to  the  step  or  side 


Fiq  456 
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flashings,  as  shown.     Secret  gutters  are  sometimes  used,  in  lieu  of  soakers^ 
up  gables  covered  with  copings,  as  fig.  487  in  section. 

A  tingle,  as  fig.  488,  is  a  substitute  for  wood-rolls,  though  little  used. 

A  welt,  as  fig.  489,  is  a  folding  of  lead  used  to  joint  lead,  where  rolls 
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are  not  used,  and  it  is  especially  suitable  for  vertical  lead-work,  the  under- 
piece  being  copper-nailed,  as  shown. 

Soldered  or  lead  dots  are  used  for  securing  lead  on  vertical  or  flat 
surfaces,  where  neither  rolls,  tingles,  nor  welts  can  be  used,  the  mode  of 
procedure  being  as  follows :  a  hole  is  scooped  out  of  the  boards,  the  lead 
dressed  in  and  screwed  down,  and  the  hollow  is  afterwards  filled  up  and 
rounded  over  with  solder,  as  fig.  490. 
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A  raglet  is  a  groove  cut  in  masonry  to  receive  the  turn  in  of  lead; 
and  when  this  is  done  on  the  top  of  blocking  course,  and  over  flat  surfaces, 
the  lead  is  "  burnt  in  " — i.e.^  the  "  turned  in  "  is  secured  by  running  molten 
lead  into  the  groove  or  raglet. 

A  bottle  nosed  drop  is  as  fig.  491,  from  which  it  will  be  seen  that 
the  upper  board  projects  sufficiently  to  protect  the  turn-up  of  the  lower 
gutter  and  the  top  gutter  is  dressed  over  so  as  to  form  an  apron.     This 


Fi^  4^0 


mode  has   the  disadvantage   of  the  lead  apron  being   easily  turned  up, 
an  objection  which  is  obviated  by  treating  the  drips  as  in  figs.  476,  477 
and  478. 

Zinc  Work. — Zinc  is  a  very  thin,  light  metal,  used  for  roof-covering 
on  a  cheaper  scale,  being  about  one-third  of  the  cost  of  lead.  It  is  used 
for  gutters,  valleys,  soakers,  and  flashings,  in  common  work,  in  like  manner 


to  lead ;  but  it  is  chiefly  as  a  cheap  covering  to  flat  and  iron  roofs  of 
jj  stations  and  other  large  erections  that  it  is  valued  and  mostly  used.  Zinc 
1      is  very  fusible  and  tough,  and  can  be  easily  bent  backwards  and  forwards 

without    cracking.     Moist    air,  when    it  does  not  contain    acid,  forms  a 

coating  over  it  of  oxide,  which  protects  it ;  but  sea  and  town  atmospheres, 

tainted  with  acid,  soon  destroy  it. 

I    Zinc   is   sold  in  sheets,   the  qualities  of  which  are  distinguished  by 
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superficial.     The  qualities  most  used  for  building  purposes  are  from  14 
20  gauge;  more  generally  the  former,  which  weighs  about  18  ounces  per 
superficial  foot. 

Zinc  on  Roofs. — The  simplest  form  in  which  zinc  is  used  as  a  roof- 
covering  is  in  corrugated  sheets,  about  30  inches  wide  and  7  feet  long, 
the  ordinary  kind  having  corrugations  every  3  or  4  inches.  The  sheets 
are  laid  from  purlin  to  purlin,  placed  about  30  inches  apart,  for  the 
purpose,  lapped  on  to  the  corrugations  at  the  longitudinal  joints,  as  well 
as  at  the  transverse  joints,  up  the  roof;  and  they  are  secured  to  the 
woodwork  by  round-headed  screws  with  washers,  the  joints  being  connected 
by  very  small  bolts. 

The  Italian  corrugated  zinc  roof  has  much  wider  corrugations — namely, 
15  inches  apart — and  the  sheets  are  laid  over  rafters  with  rounded  tops, 
appearing  in  section  as  fig.  492,  from  which  it  will  be  seen  they  lap 
alternately  over  the  rafters,  and  are  secured  by  mushroom-headed  screws 
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to  the  same  rafters.  Fig.  493  is  a  representation  of  Braby's  Italian 
pattern. 

Flats  are  covered  by  zinc,  as  illustrated  by  fig.  494,  in  which  the 
expansion  and  contraction  (which  is  greater  in  zinc  than  in  lead)  is  provided 
for.  No  solder  nor  external  fastenings  whatever  should  be  used ;  and, 
to  ensure  the  best  work,  the  zinc  should  be  laid  by  experienced  men 
only. 

Zinc  is,  of  course,  laid  on  boarded  roofs  with  2|-inch  drips,  to  joint 
the  zinc  lengthwise,  which  is  treated  as  figs.  495  and  496,  shown  in  section 
and  elevation  ;  and  these  drips  should  be  at  intervals  of  every  7  feet 
6  inches,  or  thereabouts.  Roofs  with  falls  exceeding  12  inches  in  8  feet 
need  no  drips,  and  the  sheets  are  jointed  by  folds,  as  fig.  497.  The  wood 
rolls,  not  rounded  as  for  lead,  are  fixed,  as  in  fig.  498,  2  feet  io|  inches 
centre  to  centre,  so  that  the  zinc  between  them  may  be  in  one  sheet,  the 
joints  being  made  in  the  rolls,  as  in  figs.  499  and  500. 

The  ends  at  the  bottom  and  top  of  capping  are  treated  as  figs.  501 
and  502,  and  the  flashings  against  walls  are  dealt  with  as  in  fig.  503. 

Zinc  may  be  treated  in  a  very  ornamental  manner,  as  well  as  used  for 
ordinary  work  and  flat  roofs.     The  embossed  work  on  the  Hotel  Metropole, 
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London,   was   executed   in   zinc   by   Messrs.     Braby ;    and  it   should  be 
pointed  out  that  the  system  of  zinc  roofing  here  explained  is  as  advised  by 


that  firm,  who  are  the  English  agents  for  the  **  Vieille  Montagne,"  the  best 
and  purest  zinc  in  the  market. 

Slates — Of  the  two  materials — slates   and   tiles— generally  used   in 


towns  for  roof-coverings,  slates  are  the  more  common,  being  cheaper  and 
better  suited  to  the  flatter  kind  of  pitched  roofs  (of  about  30  degrees) 


which  are  less  expensive  than  the  steep  ones.  Slates  are  the  production 
of  an  argillaceous  or  clay-formed  rock,  so  fine-grained  and  compact  that 
it  splits  readily  into  extraordinarily  thin  slabs  of  various  sizes,  which  are 
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formed  into  slates  for  roof-coverings,  while  the  greater  thicknesses  are 
converted  into  shelving  and  slabbing  for  other  purposes. 

A  good  slate  should  be  hard  and  yet  tough,  of  very  fine  grain  and 


-  7  10^  — 
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uniform  colour,  thin  and  very  non-absorbent,  so  much  so  that  a  good  dry 
slate,  after  standing  24  hours  in  water  halfway  up  its  height,  should  not 
have  drawn  up  and  absorbed  any  moisture  above  the  water-line.     Another 


Fig  499 

sign  of  good  quality  is  to  be  able  to  breathe  on  the  slate  without  bringing 
^orth  any  clayey  odour,  which  would  be  a  sign  that  it  will  not  weather. 


FiQ  500 


Wales  and   Westmoreland  produce  most   of  the    slates    used  in  this 

lountry,  the  latter  being  of  a  green  colour — thicker,  rougher,  and  much 

»    eavier  than  the  Welsh.     The  latter  are  mostly  of  the  same  good  quality. 
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and  remarkable  for  their  thinness  and  smoothness,  the  best  being  from 
Penrhyn  and  Port  Dinworic,  the  colours  of  which  are  alike.  Of  the  many 
varieties  the  chief  are  distinguished  by  their  colour.     A  Bangor  slate  is  of 
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a  purple  colour,  while  a  Penrhyn  slate  may  be  either  blue,  purple,  or  green. 
Portmadoc  produces  a  blue  slate,  and  Whitland  Abbey  those  of  a  green 
colour,  which  are  thicker  and  softer  than  the  other  kinds. 

Stone  slates  are  found  at  CoUey  Weston  and  Naunton,  while  many  of 
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the  Yorkshire  stones  can  be  split  fine  enough  for  roofing  purposes.  A 
stone  slate  is  a  non-conductor  of  heat,  while  the  ordinary  kind  of  slate  is 
a  good  conductor  of  heat. 
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Forms  of  Slates.- 

-The  chief 

sizes  in 

use  (v 

vith  the 

iir  names) 

foUows : — 

Imperials 

•     30 

inches 

long  b> 

24 

inches 

Empresses    . 

.     26 

5> 

5> 

15 

JJ 

Princesses     . 

.     24 

J> 

'> 

14 

»> 

Duchesses     . 

.     24 

» 

5> 

12 

5) 

Marchionesses 

.     22 

5J 

JJ 

II  or 

12          „ 

Countesses 

.     20 

» 

JJ 

10 

5J 

Viscountesses 

.     18 

JJ 

JJ 

10 

Jj 

Ladies 

.     16  or  14 

JJ 

JJ 

10  or 

8       „ 

Doubles 

•     13 

it 

JJ 

10  or 

7 

Smalls . 

•         •        . 

, 

, 

below  the  latter 

Fixing  of  Slates. — Slates  are  fixed,  by  two  nails  each,  to  the  roof 
boardings,  or  to  the  longitudinal  strips  of  wood  (called  /a^/is  or  battens) 
running  along  the  roof  across  the  rafters.  Of  the  two  the  latter  is 
preferable  to  the  boarding.  The  nails  are  either  of  galvanized  iron,  zinc^ 
or  copper. 

The  back  of  a  slate  is  its  upper  surface  or  face,  while  the  underside 
is  called  its  bed.  The  head  is,  of  course,  its  upper  and  the  tail  its 
lower  edge.  That  part  of  the  slate  which  is  visible,  when  fixed  on  the 
roof,  is  called  the  fnargin,  its  depth  being  called  the  gauge. 

Lap. — The  lap  of  a  slate  is  the  distance  that  the  top  slate  projects 
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or  laps  over  the  second  one  beneath  it  (as  fig.  504) ;  and  this  word  is  used 
in  conjunction  with  the  name  of  the  slates,  of  course,  to  denote  the  kind 
of  work  which  is  required  to  be  done. 

Thus  we  specify  that  Duchess  or  Countess  slates  are  to  be  used,  laid 
to  a  2^  or  2,-tnch  "  lap.'' 

Gauge. — Sometimes,  however,  the  word  gauge  is  used  for  the  same 
object ;  as  laid  to  such  and  such  a  gauge^  which  depends  on  the  lap, 
though  more  chiefly  on  the  size  or  kind  of  slate  to  be  used.  Given  the 
lap  and  the  name  or  size  of  the  slates,  the  gauge  can  be  found  by  calcula- 
tion— i.e.,  from  the  length  of  the  slate  deduct  the  lap,  and  half  the  re- 
mainder (because  the  slates  are  in  two  thicknesses)  will  be  the  gauge.  In 
laying  slates  to  a  specification  calling  for  "  Countess  slates  laid  to  a  2|-inch 
lap,"  for  instance,  the  first  thing  a  practical  man — not  having  the  gauge  at 


I 


his  fingers'  end,  as  it  were— would  do,  would  be  to  calculate  the  "  gauge.'* 
Thus :  From  20  inches  (the  length  of  a  Countess  slate)  deduct  2| 
inches  =  17^;  half  of  that  difference  will  be  the  gauge — />.,  8|  inches. 
This  last-named  figure  is  the  guide  by  which  the  slater  "  holes  "  his  slates 
for  the  nails,  and  fixes  his  battens  to  the  rafters,  or  marks  his  line  for  the 
nailing  along  the  boarding.  Good  work,  in  slating,  should  have  the  tails 
of  all  slates  perfectly  horizontal,  and  the  vertical  alternate  joints  ranging  in 
straight  lines  from  eaves  to  ridge. 

The  first  proceeding  of  a  slater  is  to  square  three  sides  of  the  slates, 
the  head  being  left  rough,  and  then  to  hole  them  for  the  nails,  which  may 
be  done  either  at  the  head  or  in  the  centre.  When  nailed  at  the  head,  the 
two  nail-holes  are  pierced  at  a  distance  of  about  i  inch  downwards  from 
the  head,  so  that  the  tail  of  the  second  slate,  when  laid  on  above  it,  covers 
their  position  by  2  or  3  inches,  which  is  the  difference  between  two  gauges 
and  the  length  of  the  slate,  less  the  distance  the  nail-holes  are  pierced 
from  the  head  of  the  slate. 

Centre-nailed  slates  do  not  have  their  holes  exactly  in  the  centre,  but 
at  the  distance  of  the  sum  of  the  gauge  and  lap  above  the  tail.     Thus,  the 
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holes  of  Countess  slates  laid  to  a  3 -inch  lap  would  be :   8|  inches  (the 
gauge)  plus  3  inches  (the  lap)  =  iij  inches,  above  the  tail,  or  thereabouts  ; 
so  that  the  nails  may  clear  or  miss  the  head  of  the  slate  below. 
Centre-nailed  slates  resist  high  winds  very  much  better. 


ns  5°^ 


Fig.  505  gives  a  section  and  plan  of  Countess  slates  laid  to  a  3-inch 
lap  and  centre-nailed;  while  fig.  506  gives  the  same  particulars  of 
Duchess  slates  "laid  to  a  2|-inch  lap  and  top-nailed";  and  fig.  507 
those  of  16  X  8  inches  Ladies'  laid  to  a  6|-inch  gauge  and  nailed  at 
head. 

From  the  above  sketches  it  will  be  noticed  that  there  is  a  different- 
sized  slate  at  the  bottom  (at  the  eaves),  shown  by  dotted  lines ;  this  is 
called  double  eaves^  and  its  length  is  a  little  more  than  the  sum  of  the 
lap  and  gauge,  so  as  to  allow  for  the  nail-hold  above.  It  should  also  be 
pointed  out  that,  in  centre-nailed  slates,  this  involves  the  placing  of  two 
battens  together  at  the  bottom  for  eaves,  whence,  it  should  be  noted,  all 
slating  starts,  and  is  worked  or  laid  in  courses  upwards. 

Slates  are  bonded  by  half-bond,  as  the  plans  indicate,  this  necessi- 
tating a  half-slate  at  the  gables,  etc. 
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Ridges  have  also  a  double  course  at  the  top,  as  fig.  508,  surmounted 
by  either  a  plain  ridge,  as  fig.  509 ;  slate  ridge  and  roll,  as  fig.  508 ; 
or  ridge-roll  and  crest,  as  fig.  510. 
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Torching  is  the  pointing  of  the  underside  of  slates  with  hair  mort 
used  to  stop  the  driving  of  snow. 


Fi^  510 

Full  torching  is  the    filling  up  of   the  space    between  battens    with 
mortar  on  the  underside. 

Shouldering  is  bedding  the  heads  in  mortar  to  tighten  the  nail  hold 
and  prevent  the  wind  penetrating. 
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Rendering  is  the  filling  up  of  the  space  between  battens  or  boarding  to 
bed  the  slates  down. 

Open  slating  is  used  for  open  sheds  and  inferior  work,  to  save  slates, 
each  slate  being  from  i|  to  4  inches  apart,  instead  of  butting  up  to  each 
other  in  the  courses. 

Bedding  is  the  setting  in  mortar  of  the  top  of  the  bed  of  one  slate  or 
tile  on  the  back  of  the  one  beneath  it. 

Cement-filleting^  an  inferior  substitute  for  lead  or  zinc  soaker  flashings, 
is  the  filling  up  with  cement-mortar  of  the  angles  on  roofs  where  they  abut 
up  to  vertical  parts,  such  as  dormers,  gables,  chimneys,  and  other  roofs,  so 
as  to  prevent  the  damp  running  down  the  walls  at  the  edge  of  the  slates. 

Verge-pointi?ig  is  the  pointing  up  of  the  sides  of  the  slates  running  up 
gables  over  which  they  project. 

Slates  may  be  cut  or  laid  to  patterns,  in  order  to  give  the  roof  a  more 
ornamental  appearance ;  but  such  alterations  must  not  interfere  with  either 
lap  or  bond. 

Tiles. — Tiles,  as  compared  with  slates,  are  a  more  expensive  roof- 
covering  material,  not  only  from  their  composition  and  manufacture,  but 
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also  on  account  of  the  extra  trouble  and  battens  they  require  for  their 
smaller  size.  They  also  require  that  the  roofs  be  of  a  steeper  pitch,  and 
no  less  than  45  degrees  rise  from  the  horizon,  for  the  reason  that  any  less 
pitch  is  subject  to  the  liability  of  making  the  tiles  absorb  the  rain  instead 
of  throwing  it  off.  Again,  the  roofs  for  tile-coverings  must  be  constructed 
of  greater  dimensions  and  strength,  on  account  of  the  greater  weight  of  the 
tiles,  as  compared  with  slates. 

Against  these  disadvantages  of  tiles  must  be  set  their  greater  ornamental 
appearance,  and  their  action  as  non-conductors  of  heat,  and  also  their 
colour ;  these  are  all  great  considerations  in  their  favour,  even  although 
they  are  sometimes,  when  absorbent,  apt  to  hold  the  wet. 

Tiles  are  made  of  a  strong  clay  which  has  been  specially  mellowed,  and 
beaten  when  half  dry  to  prevent  warping,  and  they  are  all  of  one  size,  io| 
inches  long,  6|  inches  wide,  with  2  nibs  or  projections  at  the  shoulder  or 
top  edge,  on  the  underside  or  bed,  as  fig.  511,  to  hold  them  up  over  the 
battens,  and  they  should  be  curyed  slightly,  to  make  them  fit  over  each 
other  the  better. 

There  are  several  kinds  of  tiles  for  roofing  besides  the  plain  tiles,  but 
they  are  all  made  out  of  the  same  material.  A  good  tile  should  be  hard, 
well  burnt,  well  shaped,  non-absorbent,  of  good  colour,  and  with  a  glazed 
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or  vitrified  face  to  prevent  vegetation.  The  best  tiles  are  made  at  Ruabon, 
in  Wales,  though  they  are  also  largely  made  at  Broseley  and  Madeley 
Wood,  in  Staffordshire.  They  can  be  of  innumerable  colours,  from  red  to 
blue  and  yellow. 


guage 4 


'i 

—  /o^'- -> 

^4-^ 

f-  1 

*-7i 


^'5 


5/2 


Ridges,  hips,  and  valley  tiles  are  also  made  of  clay,  to  the  required 
pitches;  and  the  former  to  almost  any  design. 

Fixing  of  Tiles. — Tiling  is  subject  to  the  same  rules  and  regulations 
as  slating,  in  regard  to  lap,  gauge,  bond,  battening,  double  eaves,  etc.,  so 
hat  it  is  needless  to  repeat  those  details. 


Fig.  5 1 2  is  a  plan  and  section  of  a  few  courses  of  plain  tiling  laid  to  a 
2|-inch  lap  or  4-inch  gauge.  The  tiles  are  generally  secured  merely  by  the 
lugs  over  the  battens ;  but  in  very  exposed  positions  they  are  sometimes 
nailed,  though  this  is  very  expensive,  besides  which  the  tiles  must  be  made 
with  holes  for  that  purpose,  in  the  process  of  manufacture.     Special  tiles 
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are  made  for  double  eaves  and  ridges,  to  save  cutting ;  and  "  tile  and 
halfs  "  for  gable  ends,  where,  for  purposes  of  bond,  half-tiles  would  other- 
wise have  to  be  used;  and  these  being  only  3I  inches  wide,  they  would 


Section 


Fig  5/5 

i  make  very  imperfect  work,  w^hich   is  obviated  by  the  use  of  "tile  and 
half" 

Special  Forms  of  Tiles. — Pantiles  are  peculiar-shaped  tiles,  used 


Fia   516 


in  some  parts  of  the  country  for  roofs,  but  now  only  for  common  work. 
Fig.  513  is  an  illustration  of  one  tile. 

Corrugated  file's  are  similar  to  the  last,  but  with  more  hollows  or  corru- 
gations, as  fig.  514. 


n&'ils 


Fig    518 


Fiq  5/9 


Wade  and  Cherry's  are  a  patent  tile  of  ornamental  appearance,  similar 
to  fig-  5 1 5)  rebated  at  the  head,  on  the  top  side,  and  on  the  underside  at 
the  tail. 

Taylor's  patent  tilings  as  figs.  516,  517,  and  518,  consists  of  channel 

and  capping  tiles  of  special  patterns,  which  fit  over  one  another  in  alternate 

ij  rows,  from  eaves  to  ridge,  as  shown.     It  should  be  noted  that  the  same 
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tile  can  be  used  as  channel  or  capping  tile  by  being    reversed.     They 
have  a  very  novel  and  pleasing  ornamental  appearance. 

Italian  tiles  are  illustrated  by  figs.  519  and  520,  which  explain  them- 
selves, and  give  an  idea  of  their  effective  appearance  in  work ;  though  it 
will  be  seen  that  they  are  anything  but  well  adapted  to  our  snowy 
climate. 


'3 
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The  plain  tiles  are  often  banded  with  ornamental  tiles,  as  fig.  52: 
which  break  the  monotony  of  a  plain-tiled  roof  considerably ;  and  thesj 
bands  are  sometimes  laid  in  blue-coloured  tiles,  while  the  plain  are  redj 
and  vice  versa  \  but  this  is  unadvisable,  on  account  of  the  different  natui 
and    properties    of    the   diflferent   varieties  of    tiles    to   withstand     wei 
frost,  etc. 


CHAPTER  XV. 
FIREPROOF     FLOORS. 

Essentials  of  Fireproof  Construction — Brick  Arches — Concrete  Floors — Special  Systems. 

Essentials  of  Fireproof  Construction. — The  highly  inflammable 
nature  of  wood  as  a  material  used  in  the  construction  of  floors,  and  the 
risk  to  life  which  it  entails,  has  of  late  years  received  particular  attention 
from  the  architectural  and  building  world ;  the  object  of  course  being  to 
design  a  floor  which  can  be  said  to  be  entirely  free  from  inflammable 
material,  and  proof  against  the  attacks  of  fire  in  all  its  varied  forms. 

Wood  has  naturally  been  shunned — except,  of  course,  as  a  covering, 
for  the  sake  of  comfort — while  stone  is  known  to  be  a  most  treacherous 
material  under  the  influence  of  heat,  as  it  will  crack  and  give  way  without 
warning  when  least  expected. 

Cast-iron,  too,  is  most  unreliable,  in  fact,  dangerous  in  the  extreme ; 
inasmuch  as  it  cannot  resist  sudden  shocks  of  any  kind,  which  are  especially 
present  in  cases  of  fire,  when  the  iron,  after  having  been  heated  by  the 
flames,  is  suddenly  cooled  with  cold  water  from  the  hose,  which  makes 
it  crack  immediately,  entailing  the  total  collapse  of  the  whole  structure 
generally. 

Wrought-iron  is  certainly  not  so  treacherous ;  but  still  it  is  dangerous, 
on  account  of  its  liability  to  twist  and  expand  under  intense  heat,  thrusting 
-he  walls  out. 

Hence  it  is  always  advisable  to  encase  iron  parts  of  structures  with 
some  material  which  is  itself  really  fireproof,  before  the  work  can  be  said 
to  be  "  proof  against  the  efi"ects  of  fire."  The  only  materials  which  can 
be  said  to  possess  these  requisite  properties  are — fire-clay  in  any  burnt 
form,  concrete  of  cement,  and  breeze,  or  other  similar  agglomerates,  as 
well  as  plaster  of  various  kinds. 

Brick  Arches  are  the  simplest  and  most  effective  fire  proof  material, 
-hough  only  suitable  for  small  spans,  except  where  the  height  of  the  space 
which  they  and  their  rise  occupy  is  of  no  consequence.     In  large  spans, 
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and  where  this  is  a  consideration,  their  success  and  usefulness  are  dimi- 
nished by  the  insertion  of  encased  structural  parts  of  iron,  whether  cast,  for 
columns,  or  wrought,  for  girders,  whereby  the  floor-space  is  cut  up  into 
sections,  and  filled  in  by  arches  springing  from  the  encased  wrought-iron 
girders.  The  spandrils  of  these  arches  are  levelled  up  to  the  crown  with 
cement-concrete,  whereon  the  ordinary  floors  are  constructed.  The  only 
objections  which  can  be  raised  against  brick  arches,  apart  from  the  sup- 
plementary ironwork,  are  that  they  are  heavy  and  complicated,  and  take 
up  too  much  room,  besides  being  expensive  ;  but  these  are  held  to  be 
serious  if  not  fatal  objections  ;  and  they  are  considerably  intensified  by  the 
insertion  of  iron  girders,  which,  whether  cased  or  uncased,  render  the  floor 
very  complicated  in  construction,  and  dangerous,  unless  the  girders  are 
tied  together  by  rods,  etc.,  to  withstand  the  thrusts  caused  by  the  arches 
themselves. 


Fij  522 


Concrete  Floors.— Consequently,  recourse  has  been  necessary  to] 
other,  lighter,  and  more  sirnple  methods,  which  will  give  as  much  security 
as  possible  from  the  ravages  of  fire.  Thus,  the  mode  of  construction 
that  has  been  settled  upon  as  being  most  free  from  complications,  and 
the  cheapest,  is  that  of  concrete  areas,  supported  by  iron  joists  embedded 
within  the  thickness  of  the  concrete  itself,  which  need  not  be  very  deep 
in  floors  of  ordinary  spans ;  and  this  is  an  important  consideration,  as  the 
thicker  the  floor  the  higher  the  building  must  be  to  give  the  same  amount 
of  space. 

Where  the  span  necessitates  the  employment  of  binders,  or  girder,  to 
support  the  iron  joists  which  uphold  the  concrete  areas,  care  should  be 
taken  that  these  additional  members  are  enclosed  or  surrounded  by  a 
casing  of  fire-clay,  concrete,  or  other  non-inflammable  material,  to  protect 
the  iron. 

A  great  advantage  of  these  and  other  kinds  of  concrete  or  fireproof 
floors  is  that  a  new  building,  so  far  as  internal  arrangements  are  concerned, 
can  be  constructed  from  floor  to  floor  without  so  much  trouble  to  secure 
the  placing  of  wall  over  wall,  and  in  similar  constructive  details ;  though 
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of  course   the  floor  must   be  made  strong  enough  in  itself  to   allow  of 
such  liberties. 

As  before  explained,  a  concrete  floor  composed  of  breeze,  slag, 
brick-dust,  or  other  non-inflammable  materials,  mixed  with  cement  in 
such  proportions  as  the  situation  and  character  of  the  work  call  for 
(usually  in  the  proportion  of  4  or  5  to  i  of  cement),  is  the  best  form 
of  fireproof  floor.  It  is  illustrated  by  fig.  522,  the  iron  joists  being 
fixed  about  2  feet  apart ;  after  which  a  temporary  wood  platform  is  built 
underneath  it,  to  support  the  concrete  until  it  has  set  hard;  and  this 
is  fixed  below  the  bottom  of  the  joists,  so  as  to  allow  of  the  concrete 
encircling  the  iron,  as  shown. 


Dennett's  system 
Fig  523 

Special  Systems. — The  principles  of  concrete  floors  having  been 
explained,  and  the  various  points  to  be  considered  and  guarded  against 
thus  brought  to  the  notice  of  the  student,  it  only  remains  to  set  forth  the 
different  systems  which  have  been  invented  and  introduced  of  late  years  ; 
those  which  conform  to  the  principles  already  laid  down  being,  of  course, 
the  best.     The  following  is  a  list  of  the  chief  British  systems  in  use  : — 


Girder 


FsLv/ce it's  System 
Fig  52^ 


Fox  and  Barrett's  System 
Fig  S25 


DenneWs^  as  illustrated  by  fig,  523,  will  be  seen  to  consist  of  iron 
girders  and  concrete  arches  of  various  spans,  not  exceeding  12  feet,  and 
rising  no  less  than  i  inch  per  foot.  The  matrix  of  the  concrete  is 
gypsum,  which  has  been  proved  to  retain  coherence  even  when  burnt 
or  drenched  with  water,  or  both  in  succession. 

Fawcetfs,  consisting  of  iron  girders,  2  or  3  feet  apart,  the  inter- 
spaces being  filled  in  with  earthenware  pipes  of  hollow  arched  section 
laid  diagonally,  on  which  a  6-inch  layer  of  breeze  and  cement  concrete 
is  laid,  is  illustrated  by  fig.  524. 

Fox  and  Barrett's,  as  fig.  525  explains,  consists  of  iron  girders,  spaced 
at  intervals  every  20  inches,  between  which  wood  strips  are  placed,  and 
•the  whole  covered  with  concrete,  rising  above  the  girders,  as  shown. 
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Hornblowet^s  consists  of  hollow  fire-clay  tubes,  of  wedge-shaped  form, 
springing  from  blocks  of  similar  material  encircling  wrought-iron  girders 
bedded  in  concrete  about  26  inches  apart,  as  fig.  526,  the  top  being 
levelled  over  the  same  as  shown. 


hornbloYters  System 
fig  526 

Homan  and  Rogers'  patefit,  as  fig.  527,  is  made  up  of  iron  girders, 
between  which  are  placed  special  bricks,  which  may  be  glazed  or  orna- 
mental on  sofifit ;  and  the  top  is  filled  up  with  concrete,  the  same  as 
the  other  methods. 
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Section  of  bricks 


Longitudinal   Section 
Homan  A  Rodger's    System 
Fig  527 


Lindsay's  patent  is  of  two  kinds,  as  illustrated  by  figs.  528  and  529; 
the  former  consisting  of  wrought-iron  or  steel  joists,  spaced  18  inches 
apart,  and  laced  together,  as  it  were,  by  wrought-iron  rods  or  strips  passing 
over  and  under  each  one  alternately,  as  shown;  the  whole  of  the  iron 


Lindsay's  system  with   I    Girders 
Fig  528 

being  then  encased  in  what  is  called  pumice  concrete,  which  is  really 
made  of  breeze  and  cement,  being  much  lighter  than  the  ordinary 
mixture. 

The  other  method,  very  much  used  for  goods-sheds,  etc.,  as  fig.  529, 
will  be  seen  to  consist  of  wrought-iron  troughs,  riveted  together  over  the 
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whole  area,  and  the  top  spaces  are  filled  with  the  usual  concrete  and 
levelled  for  the  floor  in  the  ordinary  way ;  and  for  the  purpose  of  covering 
the  underside,  which  is  very  necessary  to  render  it  complete,  cast  blocks 


Lindsay^  System  with  trough  girders 
FiQ  523 

of  breeze  or  pumice  are  bolted  up  to  the  underside,  as  shown  on  the 
illustration. 

Measure's  patent  is  similar  to  Fox  and  Barrett's,  with  the  distinction 


Northcrofts  System 
Fi^  530 

that  the  girders  are  spaced  3  or  4  feet  apart,  and  T-irons,  about  9  inches 
centre  to  centre,  span  them  from  flange  to  flange,  and  support  the  usual 
concrete. 


Whichconds  System 
Fig  53i 

Moreland^s  system  consists  of  wrought-iron  girders,  supporting  curved 
intermediate  girders,  at  right  angles  to  the  main  girders,  and  covered 
over  with  corrugated  iron,  on  which  the  concrete  is  laid  and  levelled 
up  as  before. 
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Northcroff s  consists  of  two  layers  of  flat   arches,  of  special  wedge- 
shaped  bricks,  resting  on  similar   skewbacks,  supported  by  wrought-iron 


^K 


Doulton  and  PeCo's 
Fi^  532 


joists,  as  fig.  530,  the  spaces  above  and  between  the  arches  being  filled, 
up  with  concrete. 

Whichcord's  method  consists  of  solid  fire-clay  arches  springing  from 
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fire-clay  springers,  enclosing   the  wrought-iron   girders   as   fig.    531,   and 
filled  up  with  concrete. 

Doulton  and  Petd's  variety,  as  fig.  532,  consists  of  fireproof  hollow 
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keyed  blocks,  which  encircle  the  lower  parts    of  the  girders,  as  well  as 
form  a  strong  light  floor  of  simple  construction. 

The  Adamant  Company's  system  consists  of  blocks  of  concrete  and 
adamant  cement  placed  from  joist  to  joist,  as  figs.  53 2 a  and  532B,  and 
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covered  over   and  levelled  with  ordinary  concrete  suited  to  the  locality. 
The  girders  can  be  placed  3  feet  apart,  and  the  blocks  are  cast  with  a 


\i/ 


Fig.  53  2? 


wood  Strip  on  edge  embedded  in  them,  in  order  to  be  the  better  able  to 
resist  tension. 

Banks's  patent,  fig.  532c,  completely  protects  the   steel  work — which 


is  a  distinct  gain ;  and  there  are  other  advantages,  such  as  its  ready  appli- 
cation to  existing  floors  and  its  ventilating  space,  which  the  illustration 
sufficiently  explains. 


The  "  Car/is/e"  fireproof  floor,  fig.  532D,  consists  of  two  tubes  forming 
an  arch  between  the  joists,  which  have  to  be  bolted  together  to  resist  the 
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thrust  successfully ;  they  are  covered  with  concrete  in  the  usual  way,  and 
I      provide  in  themselves  a  space  for  ventilating  and  other  purposes. 

Potters  system  is  somewhat  similar,  fig.  532E ;  but  the  lintels  are  in 
one  piece,  requiring  no  bolts. 
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Picking's,  fig.  53 2F,  is  almost  a  combination  of  the  last  two,  as  the 
illustration  explains. 

Pease's  patent,  figs.  532G  and  532H,  a  very  ingenious  arrangement, 
consists  of  sheet  iron  or  steel  tubes,  so  constructed  that  a  cup,  as  it  were, 
is  formed  to  carry  the  concrete  as  a  centre  ;  at  the  same  time  the  whole  is 
bound  into  a  solid  mass ;  these  tubes,  which  can  be  used  as  loner  as  1 2 
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feet,  rest  on  the  flanges  of  the  girders,  and  as  a  protection  to  the  under- 
side slabs  can  be  hung  up  by  bolts,  as  fig.  5320. 

There  are  many  other  similar  floors  in  use,  which  are  perhaps  equally 
as  good  as  those  hereinbefore  enumerated ;  the  general  disadvantage  of 
most  of  them  is  their  disposition  to  conduct  sound  from  floor  to  ceiling, 
necessitating  the  use,  very  often,  of  counter-ceilings,  with  an  intermediate 
space,  which  is  the  best  non-conductor.  It  will  be  noticed  how  most  of 
them  endeavour  to  attain  this  end  in  the  floor  itself. 


The  floor-boards  above  these  systems  are  fixed  to  dove-tailed  wood 
fillets,  or  Wright's  patent  breeze  dove-tailed  blocks,  embedded  in  the  con- 
crete, and  made  level  as  the  ordinary  joists,  similar  to  fig.  533 ;  while  the 
wrought-iron  members,  unprotected  underneath,  are,  or  should  be,  covered 
with  patent  wire-wove  material,  which  keeps  up  the  concrete  casing,  and 
forms  a  key  for  the  plastering  for  ceilings  and  ornamental  beams. 

Fireproof  partitions  are  constructed  with  tubes  on  Pease's  principle, 
or  by  hollow  blocks,  as  fig.  532J,  which  are  light,  and  made  that  they  lock 
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together,  forming  a  solid  mass — this  is  Picking's  arrangement ;  and  Banks 
has  a  patent  consisting  of  steel  X-shaped  standards,  with  a  double  row  of 
helical  lathing,  fig.  532K  and  fig.  532L,  plastered  similarly  to  the  ceilings 
in  his  patent  floor. 

Wood-blocks  are  generally  used  as  the  covering  on  fireproof  floors, 
the  surface  of  the  concrete  being  floated  over  with  Portland  cement 
and  sand,  and  rendered  perfectly  level. 

The  blocks  may  be  of  any  regular  thickness  from   i|  inches  up  to 


Door 


3   9' 

Flan    Hollow  Partition. 
Fig.  53  2': 


Helical  Lathing 
Fig.532>'. 


2|  inches,  the  ordinary  kind  being  from  9  to  18  inches  long  and  about 
3  inches  wide ;  and  it  is  absolutely  necessary  that  they  be  truly  square, 
so  that  when  laid  they  fit  together  well.  Moreover,  it  is  most  important 
that  they  are  thoroughly  dry,  and  they  should  not  be  brought  on  to  the 
building  until  the  cement  screed  or  bed  is  quite  dry,  and  they  are  actually 
required  for  use.  Very  often  good  dry  blocks  are  brought  into  a  building 
which  cannot  be  really  dry ;  and  whilst  they  are  waiting  to  be  laid,  they 
absorb  the  moisture  of  the  building  and  surroundings,  with  the  result  that 
they  swell,  and  in  this  condition  they  are  laid,  and  as  soon  as  they  and 


Fig  533 

the  building  get  dry  they  shrink,  and  show  large  cracks,  and  in  many  cases 
they  even  rise  up. 

A  wood-block  floor  can  be  laid  to  designs  and  patterns  in  any  kind 
of  wood,  and  they  are  kept  down  in  their  positions  by  a  solution  con- 
taining pitch,  resin,  and  other  patented  mixtures,  which  are  of  a  sticky 
nature  when  hot,  and  on  cooling  are  so  cohesive  that  they  keep  the  blocks 
and  screeding  together. 

There  are  several  patent  systems  of  laying  these  blocks,  the  general 
principle  being  to  form  keys  or  dovetails — this  end  being  attained  by  a 
triangular  sinking  or  groove  made  in  the  edges  of  the  blocks,  close  down 
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to  the  bottom,  so  that  the  solution  on  the  bed  can  be  pressed  up  into  the 
grooves  formed  between  the  blocks.  This  dovetail  keying  is  also  formed 
by  small  iron  channels  embedded  in  the  cement  screeding.  Another  idea 
is  to  keep  down  the  blocks  by  dowelling  them  together,  and  Stockholm 
tar  is  used  to  make  them  adhere  to  the  cement  bed. 

In  hospitals  and  other  similar  buildings  teak  or  other  hard-wood 
ordinary  floor  boards  are  secretly  nailed  directly  on  to  the  cement  screed 
itself  without  the  fillets  shown  in  fig.  533. 


CHAPTER  XVI. 
JOINTS   AND   MOULDINGS   IN   JOINERY. 

foinery    Defined — Framed     Joints — Angle    Joints — Dovetails — Scribing— Mouldings — 
Match  Boarding — Affixing  Joinery  Work. 

Joinery  Defined. — ^The  term  "joinery,"  applied  in  a  general  sense, 
includes  all  the  finishings  to  the  carcase  of  a  building,  whether  they  be 
external  or  internal,  such  as  doors,  windows,  stairs,  skirtings,  skylights, 
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End 


■  Fig  534  Plan 

lanterns,  dadoes,  and  other  panelling, — in  fact,  it  may  be  said  to  include 
everything  which  is  planed  and  wrought  up  to  a  nice  smooth  and  often 
ornamental  face,  and  framed  together  in  such  a  workmanlike  and  precise 

1;  manner  that  it  is  difficult  to  discern  the  joints  unless  helped  by  the  different 

:!  grain  and  colour  of  the  "  stuff,"  as  the  wood  is  called. 

i  It  is  intended  to  devote  most  of  this  chapter  to  a  description  of  the 
various  joints,  mouldings,  and  terms  which  are  used  in  this  particular 
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branch  of  building ;  but  the  principal  and  most  common  joints,  etc.,  will 
be  again  pointed  out  to  the  student  when  they  are  met  with  in  the  different 
kinds  of  joiner's  work  which  will  be  dealt  with  in  the  course  of  these  lessons. 


fi 


Fig  S3S 
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Panne  I  groove 


Fig  536 


Fig  537 

Framed  Joints.— The  mortise  and  tenon  is  the  chief  and  most 
common  of  all  joints  used  in  joinery  framing.  All  rails  of  doors,  for 
instance,  are  tenoned  through  the  styles  and  wedged  up  tight,  as  fig.  534j 
the  tenon  usually  being  one-third  of  the  thickness,  and  with  a  haunch  left 
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on  as  at  X,  to  fill  up  the  panel  groove  on  the  styles  and  strengthen  the 
joint.     This  is  the  origin  of  the  term  hau ?iched  tenon^  a  sketch  of  which, 
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I  as  it  is  on  the  rail  before  being  wedged  up  into  the  styles  (as  shown  on 
?  fig-  534),  is  given  (fig.  535). 
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On  wide  rails,  such  as  lock  or  middle  and  bottom  rails,  this  tenon  is  in 
two  parts  in  its  depth,  as  fig.  536  ;  and  where  doors  are  more  than  2  inches 
thick,  or  where  provision  has  to  be  made  for  a  mortise  lock,  which,  when 
let  into  the  centre  of  the  style,  at  lock  rail  height,  completely  cuts  away  a 
central  single  tenon,  the  tenons  are  double  in  thickness,  and  called  double 
tenons^  as  fig.  537. 

A  bare-faced  tenon  is  a  tenon  with  only  one  shoulder,  S,  used  chiefly 
in  framed  ledged  and  braced  doors,  where  the  rails  are  not  so  thick  as  the 
styles  by  the  thickness  of  the  boarding  nailed  on  the  rails  between  the 


Styles.     Fig.  538  illustrates  a  bare-faced  tenon,  one  view  being  given  of 
each  side. 

Stump  tenons  are  those  which  have  a  projection  on  each  side  of 
them  to  go  into  mortises  part  of  the  way  of  the  principal  mortise.  They 
were  designed  to  give  the  tenons  on  the  thinner  stuff  greater  strength,  and 
to  hold  into  wider  mortises  on  the  wider.  Fig.  539  represents  a  stump 
tenon  and  its  mortise. 

A  housed  tenon  is  a  tenon  let  into  a  mortise  with  the  section  of  the 
stuff  let  into  the  mortise  to  the  depth  of  half  an  inch,  as  fig.  540. 

Angle  Joints. — Tongued  angles  are  used  for  internal  angles  of  dadoes, 
skirtings,  grounds,  casings,  etc.,  as  fig.  541. 
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Mttred  angles  are  made  by  simply  cutting  half  a  right  angle  alternately 
off  the  two  pieces,  to  be  joined  by  nails  at  an  external  angle,  as  fig.  542. 
Mitred  atid  tongued  angles,  a   combination   of  the   two  last,   are  as 


Fig  540 


fig-  543»  and  are  only  used  in  best  work,  at  the  external  angles  of  dadoes, 
pilasters,  etc. 

Beaded  and  tongued   angles,    illustrated  by    fig.    544,    are  angles    or 
ji  joints  of  an  ornamental  as  well  as  necessary  character. 
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Return-beaded  angles  are  suitable  for  all  external  mitres  where  wear 
and  tear  would  soon  fetch  the  arrises  off  in  soft  woods.  Fig.  545 
shows  one  on  wood  framing,  casings,  etc.,  and  fig.  546  one  as  fixed  to 
angles  to  plastering  on  wood,  brick,  or  stone  walls,  to  which  they  are  fixed 
by  plug,  as  will  be  explained  hereinafter,  this  being  called  a  staff  bead. 


J^^^^i^:rB^-:/<:;[,^ 


Where   the   two    pieces  of  framing    to   be    joined    are   of    different 
widths  or  thicknesses  the   "  mitred  angle  "  is  made  as  fig.  547. 


Fiij  547 
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Another  form,  of  very  good  construction,  is  as  fig.  548. 

Keyed  mitred  joints   are  not  often  used ;    but  it  is  as  well  that  the 


ri<^  549 
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Fig  551 


student  should  know  what  they  are.  Fig.  549  is  a  view  of  the  angle 
of  one,   X  X,  being  hardwood-slips  let  into  the  mitres. 

Boused  joints  are  as  fig.  550,  by  which  the  whole  thickness  of  the 
cross-framing  is  let  into  the  other  about  half  an  inch. 

Glued  and  blocked  joints  are  really  butt  or  lapped  joints  secured  by 
blocks  glued  to  each  piece  of  wood  in  the  internal  angle  (fig.  551). 
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Dovetails,  the  most  common  of  the  intricate  and  strong  joints,  are 
used  for  cisterns,  square  casings,  or  curbs  to  skylights,  and  the  corners 
of  drawers  and  other  fittings.  There  are  three  kinds :  the  comino7i^ 
as  fig.  552;    the  lap,  as  fig.  552^;   and  the  secret  or  mitred^  the  most 


i^  552^ 


troublesome  of  the  three,  as  fig.  55 2<^.  It  will  be  seen  that  they 
consist  of  wedge-shaped  alternate  cuttings  out  of  each  piece,  the  pro- 
jections of  the  one  fitting  the  holes  on  the  other. 

Cross-tongMtng  is  the  method  of  joining  two  or  more  boards  longi- 
tudinally, a  loose  tongue  being  glued  and  let   into   a  groove  on   each 
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board,  as  fig.  553.     This  loose'  tongue  is  sometimes  called  a  slip  feather^ 
and  is  made  of  wood  across jthe  grain.     Long  (the  opposite  to  cross) 
tongues  have  the  grain  of  the  wood  in  the  direction  of  their  length. 
Clamping  is  the:  method   by   which  the  ends  of  several  boards   are 


fastened  together,  as  shown  on  the  left-hand  of  fig.  554 ;  while  the  right- 
hand  side  of  the  same  figure  illustrates  mi^re-clamping,  by  which  the 
cross-grain  end  of  the  ordinary  clamping  is  obscured. 

Keying  (fig.  555)  is  a  means  of  securing  several  boards  together  by 
a  flush  key,  let  in  at  the  back  in    lieu    of  a  projecting  ledge,  where 
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the  latter  would  be  inconvenient  on  account  of  a  level  face  being 
required  on  each  side.  This  is  often  used  in  the  North  for  wide 
door  casings. 

Keyed  joints  are  also  used  to  connect  circular  with  straight  or  two 
pieces  of  circular  wood,  such  as  door  frames,  etc.  A  shallow  mortise 
is  cut  out  of  each  part,  and  a  hardwood  key  (in  the  form  of  the 
letter  I)  connects  the  two  together,  as  fig.  556,  XX  being  wedges  to 
tighten  up  the  joint. 

Fig-  557  illustrates  Fox  wedging^  a  means  by  which  tenons  are 
secured  into  shallow  mortises,  where  wedges  cannot  be  driven  in  from 
the  other  side. 


Scribing  is  the  cutting,  out  of  the  face  of  one  moulding,  a  hole  of  the 
contour  of  another  to  form  a  joint.  It  is  chiefly  used  in  joints  of  sash- 
bars,  internal  angles  of  moulded  skirtings,  etc.,  and  really  is  a  moulded 
mortise  cut  into  another  moulding  to  receive  a  moulded  tenon  of  the  same 
section  as  the  mortise,  but  in  a  converse  form.  For  instance,  in  fig.  558,  it 
will  be  noticed  that  on  A  a  moulded  mortise  or  notching  is  cut  out,  with 
the  ovolo  hollow,  as  it  were ;  and  on  B,  which  we  will  call  the  tenon,  the 
cutting  has  the  ovolo  convex  or  projecting  to  fit  and  fill  up  the  hollow 
on  A. 

A  scribed  housing  is  a  housing  made  to  the  contour  of  the  moulding  it 
is  going  to  receive  (fig.  559). 

Other  kinds  of  joints,  principally  used  for  flooring,  will  be  found  fully 
illustrated  and  explained  in  Chapter  VIII. 
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Mouldings. — Mouldings  are  a  series  of  sinkings  and  projections  of 
various  forms — mostly  parts  of  circles,  ellipses,  etc. — worked  on  the  edges 
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of  the  wood  to  produce  light  and   shade  by  shadows,  and  give  it 
ornamental  and  showy  appearance.     They  are  of  two  kinds — stuck  i 


5 


z 


7 


Fi^  558 

planted^  or  laid  in  \   the  former  denoting   that  the  moulding  has  been 
worked  on  the  solid  edges  of  the  stuff,  as  in  fig.  560;  and  the  latter  that 


Fiq  559 

it  is  a  separate  slip,  moulded  and  attached  to  the  side  of  the  framing  by] 
brads  and  glue,  as  fig.  561. 
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Fig  562 


The  chief  parts  of  moulding  are  as  follows  : — 

The  bead  (fig.  562)  is  the  most  useful,  being  often  utilised  for  covering 
joints,  etc.,  and  as  a  nosing  to  round  off  edges,  when  it  is  called  a 
"  rounded  nosing." 
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The  quirked  bead  has  a  sinking  lon  one  side,  as  fig.  563,  and  the 
double  quirked  has  one  on  each  side  (see  fig.  564).  They  are  required 
to  give  a  limit  produced  by  the  shadow.  {  ^  '   -    ^  ^r\ 
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The  return  or  staff  hesid — "  return  "  being  the  joiner's  term,  and  **  staff" 
the  carpenter's  term— fig.  565,  is  used  for  exposed  angles,  where  arrises 
would  soon  be  knocked  off. 
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Fig  566 
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The  cocked  bead — named  after  its  projection  from  the  face  line — is  as 
fig.  566. 

Cocked  bead  and  fillet  is  as  fig.  567. 


^^^\ 


Fig  565 

Where   several  beads  are   placed    together  they  are  called  reeding 
(fig.  568). 


Fig  569 


The  Torus  is  a  bead  with  an  extra  fillet  (fig.  569). 

The  Ovolo  is  a  quarter  of  a  circle  with  a  fillet  on  either  side,  as  fig.  570. 
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It  can  also  be  a  part  of  an  ellipse  or  any  other  circular  figure.     A  sash  bar 
is  formed  by  a  "  double  ovolo,"  as  fig.  571. 

The  Cavetio  is  the  reverse  to  the  ovolo  (fig.  572),  hollow  in  form. 
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Fig  57 1 
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Ogee,  or  the  "  Cyma  recta "  mouldings,  are  made  up  of  parts  of  two 
circles  which  touch  one  another,  as  fig.  5  74. 

Cyma  reversa,  or  the  reverse  ogee,  as  fig.  573,  explains  itself. 


Fia  674 
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The  Scotia,  a  moulding  chiefly  used  for  bases,  is  similar  to  fig.  575. 

Mouldings  are  often  made  up  of  two  or  more  of  the  above  forms 
grouped  together,  when  they  are  known  or  distinguished  by  the  combined 
name.    Thus  fig.  576,  consisting  of  a  ^m'rk  ovolo  (any  moulding  can  be 
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Fig  577 


quirked   by  the  addition   of  the   sinking  on  one  side)   and   a  bead,    is 
called  a  quirk  ovolo  and  bead  moulding. 

Bolection  mouldings  are  those  which  are  rebated  out  at  the  side,  and 
project  above  the  face  of  the  panelling  it  is  intended  to  ornament  (fig.  577). 
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Chamfering  is  the  taking  off  of  the  arris  or  sharp  edge  of  any  angle, 
as  fig.  578,  the  angular  groove  formed  by  the  meeting  of  two  chamfered 
angles  (fig.  579)  being  called  a  V  joint. 
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,  Mouldings,  etc.,  are  united  at  internal  angles,  as  in  fig.  580,  stopped 

I  at  ends  (fig.  581),  and  returned  at  extreme  angles  (fig.  582),  when  the 
contour  of  the  mould  is  exposed  to  view. 

Match  Boarding. — This  is  an  arrangement  of  boards  matched  and 

II  put  together  with  grooved  and  tongued  joints,  and  their  edges  "  shot "  or 


J     « 


Fig  562 


Fig  583 


planed  truly,  so  that  a  fine  joint  can  be  made.     Match  boarding,  otherwise 
called  cleadi?ig,  is  of  several  kinds,  the  chief  of  which  are  :— 

Plain  matched  boards  (fig.  583). 

Beaded-one-side  match  boarding  (fig.  584). 

Beaded-both-sides  match  boarding  (fig.  585). 

V-jointed  match  boarding  (fig.  586). 


Fig  584 


Fig  585 


586 


Aflaxing  of  Joinery  Work. — Joinery  work  is  fixed  to  either  J>/ugs, 
j::rounds,  or  backiiigs. 

Plugging  is  done  by  means  of  wood  wedge-shaped  plugs,  which  are 
driven  into  the  vertical  joints  of  the  bricks,  and  cut  off  to  a  level  face,  to 
which  the  other  woodwork  is  secured  by  nailing  (fig.  587). 

Grounds  are  used  in  better  work,  being  wrought  and  splayed  to  form 
a  key  for  the  plaster.     They  are  nailed  to  plugs  in  the  cross-joints,  as 
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fig.  588;  or  to  wood  or  breeze  bricks,  fig.  589  ;  or  to  elm  pads,  fig.  590; 
which  the  bricklayer  builds  in  the  cross-joints  for  the  carpenter  to  fix  to. 

The  grounds    are   "framed"   (that  is,   dovetailed)   at   external,   and 
tongued  at  internal  'angles,  in  the  very  best  work.     To  doors  and  windows 


Fig. 5  87 
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Fig.  590 
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Fig.  593 


they  are  splayed  to  receive  and  "key"  in  the  plastering,  being  fixed 
perfectly  "  plumb "  or  perpendicular  to  the  plugs,  bricks,  or  palettes 
encircling  the  door  or  window,  except  at  the  floor  line.  Fig.  591  repre- 
sents an  enlarged  plan  of  a  door-jamb,  and  fig.  592  an  elevation  to  a 
smaller  scale. 
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The  dotted  line  on  fig.  591  represents  the  gauge  to  fix  by.  The  angles 
at  X  on  fig.  592  are  joined  by  a  bevelled  hatmching^  as  fig.  593,  in  the 
elevation,  drawn  to  a  larger  scale. 

Backitigs  are  pieces  of  wood  framed  in  between  the  grounds  to  form  a 
backing  and  fixing  for  linings,  window  boards,  and  other  wide  joinery, 
requiring  to  be  fixed  against  anything,  as  fig.  594. 


Shaped  backings  are  those  which  are  cut  and  notched  to  receive  irregular 
framing  or  different  members,  as  skirtings,  etc.,  in  best  work.   (See  fig.  595.) 

For  ordinary  skirtings  a  fillet  is  run  along  the  walls,  on  the  floor,  to 
receive  the  bottom  of  the  skirting,  as  X,  fig.  590. 

All  first-class  work  should  be  fixed  to  grounds  in  lieu  of  plugs,  which 
are  only  fit  for  inferior  common  work ;  and  when  the  grounds  are  fixed 
perfectly  true  vertically  and  horizontally,  there  is  no  difficulty  in  affixing 
the  joinery  without  fitting,  cutting,  and  scribing ;  and  moreover  the  plasterer 
finishes  his  work  with  greater  truth  in  his  surfaces,  as  he  has  perfectly  true 
substantial  grounds  to  straighten  from. 
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CHAPTER    XVII. 
DOORS :  THEIR  FINISHINGS  AND  FASTENINGS. 

Door  Frames— Ledged  Door — Ledged  and  Braced  Door— Framed  and  Braced  Door — 
Framed  and  Ledged  Door — Fanlights — Panelled  Doors  and  Panelling — Door  Casings 
— Dadoes — Skirtings. 

Before  dealing  with  the  doors  themselves  it  will  be  advisable  to  acquire 
a  thorough  understanding  of  the  frames  or  cases  which  are  designed  t< 
contain  them.     These  frames,  being  generally  built  up  in  reveals  formec 


!  Fig.596. 
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in  the  brickwork  as  the  work  proceeds,  have  to  be  no  less  than  4|  inches] 
wide — the  width  or  half  the  length  of  an  ordinary  brick — and  3  or  4  inches] 
deep,  according  to  requirements  and  the  depths  of  the  jambs.     The  frame 
usually  projects  about  i|  inches  beyond  the  face  or  "sight  size"  of  the] 
opening  (fig.  596). 

The  frames  are  made  up  of  two  jambs  (or  legs),  as  the  posts  are  called, 
and  a  flat  or  arched  head,  according  to  the  nature  of  the  opening  (fig.  597), 
both  jambs  and  head  being,  of  course,  of  the  same  size.  The  jambs  are 
tenoned  into  the  head  and  wedged,  the  head  generally  being  3  inches 
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longer  beyond  each  side  of  the  jambs.     These  projections  are  called  horns, 
and  are  intended  to  be  built  into  the  walls. 

Fig.  598  represents  a  frame  for  a  square-headed  door,  the  jambs  of 
which  are  tenoned  into  the  head. 


Tern 


Fig.  697. 
'/*' Scale 

Fig.  599  shows  the  head  cut  out  for  a  segmental-headed  door,  the 
joints  at  the  top  being  similar  to  the  last,  and  the  head  being  cut  out  of  a 
deeper  piece  of  stuff. 
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Fig.  600  represents  a  frame  for  a  semi-circular-headed  door,  the  joints 
at  the  springing  being  as  shown,  and  the  key  being  formed  on  the  top  of 
the  jamb,  and  let  into  a  mortise  in  the  circular  head  and  wedged  up  tightly. 
The  joint  at  the  crown  is  made  similar  to  fig.  556,  and  sometimes  also  that 
at  the  springing,  exactly  as  shown  in  that  figure  (vide  Chapter  XVI.). 
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Door  frames  are  secured  at  the  foot  of  the  jambs  by  dowels  let  into  the 
jambs  and  steps,  as  in  fig.  60 1 ;  or  in  best  work,  where  the  bottoms  are 
apt  to  rot  away  from  the  damp  that  rises,  they  are  dowelled  into  projecting 
stones  worked  to  the  same  section  as  the  frame  (fig.  602),  and  painted,  so 
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Fig.  600 
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that  the  difference  cannot  be  noticed  at  first  sight.     These  are  sometime 
called  cotch  stones. 

Another  method  is  to  let  the  bottom  of  the  jambs  into  cast-iron  shoes 
— also  of  the  same  section  as  the  frames — which  are  secured  to  the 
stone  sills. 
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Fig.  60 


The  frames,  when  built  as  the  work  proceeds,  are  often  tied  in  with 
wrought-iron  ties,  two  or  three  in  each  height,  one  end  turned  into  the  wall, 
and  the  other  secured  to  the  back  of  the  frame  (as  fig:  603). 

In  sections  the  frames,  of  course,  vary  according  to  the  requirements 
and  nature  of  the  work  :  but  all  are  rebated  for  the  door. 
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Fig.  604  is  a  section  of  a  rebated  and  chamfered  frame. 
Fig.  605,  that  of  a  rebated  and  moulded  frame. 
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Fig.  606,  a  rebated  and  beaded  frame. 

The  rear  faces,  abutting  against  the  brick  or  stone  rebates,  are  often 


Fig.  605 
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grooved  for  the  plastering  or  linings,  in  addition  to  the  other  labour  named 
above  (fig.  607). 
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r    Fig.  608  represents  the  plan  of  the  jamb  of  a  frame  with  door  linings 
and  finishings  in  an  ordinary  9-inch  reveal. 

Often,  to  break  the  joint  in  best  work,  the  side  of  the  rebate  and  the 


240 


BUILDING  CONSTRUCTION. 


door  are  beaded,  as  in  fig.  609,  or  the  arris  of  each  is  taken  off  and  forms 
a  V  joint,  as  in  fig.  610. 

The  section  of  the  head  is  similar  to  fig.  611,  with  the  addition  of  the 
elevation  of  the  return  of  the  linings,  etc.,  as  seen  down  the  jamb. 

In  very  wide   walls,  in  first-class  houses,  the  linings  are  panelled,  as 


Fig. 609. 


Fig.  610 


fig.  612,  which  represents  a  section  through  the  head.     The  jamb  would 
be  the  same,  without  the  elevation  lines  shown  on. 

N.B. — Students — when  drawing  plans  and  sections  of  moulded  and 
panelled  work,  which  returns  •  and  is  seen  in  elevation,  between  or  in 
front  of  the  parts  which  are  in  section— should  take  care    to   show   all 


Fig.  611. 
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these  lines  in  elevation,  that  being  the  correct  way,  and,  in  addition,  they 
embellish  their  drawings.     This  particularly  applies  to  panelled  work. 

Small  scale  elevations  of  the  whole  height  of  these  jambs  are  given  on 
figs.  613  and  614,  the  former  being  the  plan  and  the  latter  the  panelled 
linings,  the  rails  of  which  should  always  correspond  and  be  in  true  line  with 
the  panels  of  the  door — i.e.,  a  door  three  panels  high  should  have  linings 
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three  panels  high,  each  panel  being  of  the  same  height  as  those  on  the  door, 
to  correspond. 
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In  agricultural  buildings  door  frames  are  seldom  used,  the  doors 
being  hung  at  top  and  bottom  by  wrought-iron  band-hinges,  on  to 
hooks  which  are  secured  to  stones  built  in  the  jambs.  Fig.  615  is  a 
small  elevation,  and  fig.  616  enlarged  plans  and  sections,  with  details  of 
the  hooks,  etc. 

The  hooks,  otherwise  called  crooks,  are  usually  used  in  pairs,  and 
sometimes  the  top  crook  (or  hook)  is  reversed,  so  that  the  pin  of  each 
points  towards  the  other,  to  prevent  the  door  being  lifted  off  them,  in 
which  case  the  door  has  to  be  put  in  position  before  the  upper  band-hinge 
is  attached,  or  bolted  to  the  framing  of  the  door. 

Another  method  to  prevent  the  door  being  lifted  off  its  hinges,  when 
hung  externally,  is  to  screw  the  end  of  the  pin  of  the  crook,  and  put  on 
a  nut,  which  should  be  permanently  fixed.  . 

When  very  large  doors  or  gates  are  a  necessity,  it  is  very  much  better 
to  screw  the  hinge  to  the  lower  edge  of  the  bottom  rail  of  the  door  with 
a  conical  pointed  projection  on  the  underside,  instead  of  the  knuckle  to 
go  over  the  pin ;  and  this  cone  is  made  to  work  in  a  gun-metal  socket, 
which  is  leaded  into  a  special  stone,  fixed  a  small  distance  above  the  level 
of  the  threshold  or  top  step  immediately  under  the  door,  so  that  the  door 
may  swing  or  spin  (as  it  were)  on  this  cone.  In  this  case  it  is  always 
advisable  to  strengthen  the  band,  supporting  the  door,  by  means  of  lugs 
or  ears  welded  on  either  side,  so  that  the  thickness  of  the  door  is  grasped 
by  them.  They  should  be  at  least  nine  inches  high  and  every  eighteen 
inches  along  the  band-hinge,  with  a  minimum  of  three  pairs.  It  is 
needless  to  say  these  lugs  should  be  bolted  together  through  the  door, 
and  the  face  of  them  should  be  flush  with  framing  ;  otherwise  they  will 
form  a  ledge  or  cup  for  the  wet,  and  cause  the  bottom  of  the  door  to  rot. 

The  knuckle  and  pin  of  the  upper  hinge  must  be  perfectly  perpen- 
dicular over  the  centre  of  the  cone  to  render  proper  and  easy  working 
without  undue  pressure  on  particular  parts ;  and  the  hanging  style  should 
be  much  wider  than  usual,  so  that  it  will  have  more  strength  to  keep  the 
door  from  sagging  towards  the  closing  or  meeting  styles. 

If  this  principle  of  "  centre  hanging "  or  "  on  points "  were  more 
extensively  used  we  should  have  less  sagging  of  doors  to  contend  with, 
especially  with  regard  to  the  best  doors,  and  even  window  shutters  in  first- 
class  work,  for  the  principle  can  be  applied  to  the  top  and  bottom  of 
framings,  similarly  to  "  door  springs,"  to  great  advantage. 

Before  leaving  the  subject  of  door  frames  mention  must  be  made  of 
the  practice  of  using  straight  door  frame  heads  in  arched  openings,  and 
nailing  a  thin  turning  piece  or  arch  piece  on  to  the  top  .of  the  frame,  so  as 
to  fill  up  the  space  above  to  the  outline  of  the  arch,  as  fig.  617. 

DoDrs. — Doors  are  wooden  framings,  hung  to  frames  or  doorcases,  or 
on  hooks,  in  external  positions,  and  to  casings  or  linings,  internally.      No 
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2  feet  9  inches  in  width,  6  feet  o  inches 


door  should  ever  be  less  than 

in  height,  and  i|  inches  in  thickness. 

Ledged  Doors  are  the  first  and  simplest  form  of  door,  consisting 
only  of  beaded  or  V-jointed  match  boarding,  nailed  to  deal  ledges,  gene- 
rally three  inches  in  width.     Fig.  617A  represents  the  outside  of  a  ledged 


Turning  piece 


Elevation 


Secthn 


Fig  917 

door,  and  fig.  618  the  inside,  XXX  being  the  ledges,  which  are  often 
chamfered  on  all  arrises,  as  shown  by  the  double»line.  A  plan  is  given 
on  fig.  619,  and  an  enlargement  of  the  section  at  the  ledge,  fig.  620. 

They  are  hung  to  the  frames  by  iron  hinges,  called  cross-garnets  or 
T-hinges  (from  their  shape),  fixed  at  top  and  bottom  to  door  and  frame, 
and  are  fastened  by  Norfolk  thumb  latches,  and  locked  by  cased  stock 
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locks  with  a  hollow  box  staple,  X,  fixed  on  the  frame  to  take  the  bolt 
of  the  lock,  as  fig.  621.     In  the  North  these  are  called  Batten  doors. 

N.B. — If  the  door  frame  is  not  rebated  out  to  the  thickness  of  the 
boarding  and  ledges,  blocks  have  to  be  fixed  on  to  the  frames  to  make 
the  fixing  on  the  frames  the  same  level  as  the  ledges  of  the  door. 

The  Ledged  and  Braced  Door  is  a  stage  higher  than  the  ledged 
door,  being  braced  up,  as  the  name  implies;  the  only  noticeable  differ- 
ence being  at  the  back,  where  the  braces — whereof  the  object  is  to  keep 
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the  door  from  hanging  down  from   its  hinges — are  seen.     Fig.  622  gives 
an  elevation  of  the  back,  from  which  the  nature  and  difference  of  the  door 
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Lock 
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Fig.  622  ViScale 

(as  compared  with  the  plain  ledged  door)  can  be  understood.     The  fasten- 
ings, etc.,  are  precisely  similar  to  those  used  for  ledged  doors. 

N.B. — It  must  be  borne  in  mind  that  these  braces,  to  effect   their 
object,  must  incline  upwards  from  the  jamb  to  which  the  door  is  hung. 
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The  Framed  and  Braced  or  Framed  Ledged  and  Braced  Dooi^ 

consists  of  a  piece  of  framing,  the  size  of  the  opening  between  the  rebates 
of  the  door  frame,  with  a  middle  or  lock  rail  and  braces  (like  the  door  last- 
named)  in  addition,  to  strengthen  the  framing ;  the  whole  being  filled  in 
with  match  boarding,  as  fig.  623. 
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Before  going  into  '^e  detail  of  this  kind  of  door  it  will  be  as  well  toi 
impress  upon  the  student  that  all  continuous  upright  framings  are  calledj 
sfy/es,  and  the  cross  or  horizontal  pieces  rai/s. 


Fig. 62^ 

The  rails  are  tenoned  and  wedged  into  the  styles  in  the  usual  way,  as 
previoiisly  explained,  the  top  rail  tenon  being  as  fig.  624,  and  the  lock  and 
bottom  rails  (being  the  thickness  of  the  boards  less  in  thickness)  have 
bare-faced  tenons,  as  fig.  537,  but  two  tenons  in  height,  on  account  of  their 
depth  as  compared  with  the  top  rail. 
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All  styles  are  generally  4k  inches  wide,  lock  and  bottom  rails  9  inches 

deep,  and  the  top  rail  only  4k  inches  ;  therefore,  in  a  door  2  inches  thick, 

the  styles  and  top  rail  are  4I  inches  x  2  inches,  but  the  lock  and  bottom 

I  rails,  to  which  the  boarding  between  the  styles  and  below  the  top  rail  is 

secured,  are  9  inches   x    i  inch,  in  cases  where  i-inch  boarding  is  used, 
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and  1 1  inch  with  |-inch  boards — the  two  thicknesses,  in  each  case,  making 
up  the  2  inches  of  the  door. 

The  detailed  section  of  the  top  rail,  showing  how  the  boards  are  secured 
to  it,  is  as  fig.  625  ;  that  of  the  lock  rail  as  fig.  626 ;  and  the  bottom  rail, 
where  the  boards  run  through,  as  fig.  627;  but  in  cases  where  a  flush 
bottom  rail  is  used,  the  section  is  as  fig.  628. 

Fig.  629  explains  the  joint  at  the  styles. 


Fig.  629    172  Scale 
Plen 


Fig  630 


The  fastenings  used  are  just  the  same  as  for  the  ledged  doors,  with  the 
exception  that  sometimes  "  band-hinges "  are  used  instead  of  "  cross 
garnets,"  the  hinges  being  bolted  to  the  door  front  and  hung  on  to  plate 
hooks,  as  fig.  630,  screwed  to  the  frames  ;  or  hook  stones  are  substituted, 
doing  away  with  the  frames  (z'tWe  fig.  616). 

To  impart  a  lighter  appearance  to  the  framing  of  these  doors,  the  styles, 
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rails,  and  braces  are  often  stop-chamfered  on  all  edges,  the  elevation  of 
the  joint  at  the  lock  rail  next  the  hanging  style  then  appearing  as  fig.  631. 

Fraioaed  and  Ledged  Doors  are  similar  in  all  respects  to  the  last- 
named,  with  the  only  exception  that,  as  their  name  implies,  they  have  no 
braces. 

Fanlights. — Some  internal  as  well  as  external  doors  are  made  with 
transoms  and  fanlights  over  them,  to  give  additional  and  regular  light 
as  fig.  632,  X  being  the  fanlight,  which  can  be  either  fixed,  or  hung  on 
butts  or  centres. 


Transom- 


^xt€rnal  Door  with    Fanlight 
Fi g. 652. p' Scale 


The  fanlight  itself  consists  of  a  piece  of  skeleton  framing,  similar  to  a 
glazed  sash,  with  or  without  bars.  The  transom,  more  or  less  intricate  in 
section,  acts  as  a  head  to  the  door  frame,  and  sill  to  the  fanlight ;  being 
framed — by  mortise  and  tenon  joints — into  the  jambs,  the  head  of  the 
fanlight  frame  is  similar  to  that  for  the  head  of  the  door,  which  has  now 
been  superseded  by  the  transom. 

Fig.  633  represents  the  jamb,  head,  and  sill,  with  transom,  of  a  fixed 
fanlight,  a  close  examination  of  which  will  show  all  that  is  required  for 
the  purpose. 

The  styles  and  head  of  the  fanlight  are  generally  square,  i|  inches 
or  2  inches,  as  the  thickness  of  the  fanlight  and  rebate  on  the  frame. 
They    may    be    of   any   section,   ovolo-moulded   (fig.    634);    chamfered 
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(fig.  635);  lamb's-tongue  moulded  (fig.  636);  or  of  any  other  design; 
but  the  glass  must  always  be  put  in  from  the  outside.  Where  putty  is 
used  it  is  always  the  best,  and  renders  it  the  more  water  and  wind- 
tight  as  the  weather    presses  the  glass  against   the   rebate,  as  fig.   637. 
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Occasionally,  however,  when  loose  beads  are  used,  the  glass  is  put 
in  from  the  inside,  as  fig.  638,  but  never  with  putty.  The  mouldings 
certainly  look  better  outside  in  contrast  to  the  putty,  but  the  work  is 

Rever  so  good. 
A  hopper  fanlight — i.e..,  one  to  open  inwards,  hung  on  butts  to  the 
ransom— is  illustrated  at  fig.  639,  which  explains  itself. 
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Fanlights  are  seldom  made  to  open  outwards,  because  they  are  very 
apt  to  help  the  rain  to  come  into  the  house,  as  can  be  imagined  from 
fig.  640. 
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A  fanlight  /mng  on  centres  is  represented  by  fig.  641,  from  which 
the  principles  may  be  gathered.  The  jambs  have  a  solid  bead  on  the 
lower  part  of  their  height  (something  less  than  the  half)  inside,  and  on 
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the  upper  part  outside ;  with  loose  beads  planted  on  the  style  of  the 
fanlight,  in  reverse  fashion ;  mitre-cut  to  fit  each  other — i.e.^  each  loose 
bead  into  the  corresponding  solid  bead  on  the  jamb — both  inside  and 
outside,  when  closed. 

This  is  done  to  allow  the  swing-fanlight  to  open  outwards  at  the 
bottom  and  inwards  at  the  top,  revolving  on  pivots  which  fit  into  slots 
fixed  on  each  jamb. 

These  are  also  called  pivoted  fanlights,  from  the  manner  of  hanging 
them  on  pivots,  as  fig.  642. 

The  advantage  of  pivoted  or  "  centre-hung "  fanlights  is  that,  being 
out  of  reach,  so  to  speak,  they  can  be  easily  opened  and  closed  by  means 
of  cords  and  pulleys.  If  the  fanlight  have  the  pivots  fixed  a  little  above 
the  centre  of  its  height  it  will  close  of  itself. 
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Should  the  fanlights  be  divided  into  small  squares,  the  bars  used 
are  similar  to  those  explained  for  sashes  in  Chapter  XVIII. 

Hopper  fanlights  (fig.  639)  are  secured  by  small  spring  fasteners, 
fixed  to  the  top  rail  of  the  fanlight,  with  a  box  staple,  to  receive  the 
spring  bolt,  fixed  on  the  head  of  the  frame,  as  fig.  643.  The  ring  serves 
to  pull  the  bolt  back  when  the  light  is  required  to  be  opened. 

Pivoted  lights  can  be  secured  properly  by  means  of  the  cords,  which 
may  be  tied  over  belaying  hooks  (fig.  644)  screwed  to  the  frame  of  the 
door,  or  to  the  linings. 

Panelled  Doors. — This  kind  of  door  is  the  most  general  in  ordinary 
use,  and  consists  of  a  framing,  made  up  of  narrow  pieces,  mortised  and 
tenoned  together,  and  grooved  in  the  inside  to  receive  the  panels. 

Fig.  645  represents  the  plan  and  elevation  of  the  skeleton  of  a  four- 
panelled  door,  fig.  646  those  of  a  five-panelled  door,  and  fig.  647  those  of 
a  six-panelled  door. 
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S  S  are  the  styles,  the  one  with  the  butts  on  being  called  the 
hanging  style,  and  the  other  the  closing  style.  Styles  always  run 
through  the  whole  height,  and  are  really  the  foundation  of  the  complete 
framing,  the  other  members  being  directly  or  indirectly  connected  to 
them. 

M  M  are  the  muntins  or  muntings^  which  are  tenoned,  at  top  and 
bottom,  about  2  inches  into  the  rails,  as,  for  obvious  reasons,  they  cannot 
be  wedged. 

T  R  is  the  top  rail,  which  is  tenoned  into  the  styles. 

L  R  is  the  lock  or  middle  rail,  the  top  of  which  should  always 
be  3  feet  2  inches  above  the  floor  line,  that  being  the  acknowledged 
height  of  convenience  for  the  handles  of  the  locks. 

B  R  is  the  bottom  rail;  and  F  R,  when  used,  the  frieze  rail; 
P  represents  the  panels,  which  are  sometimes  distinguished  as  "  top," 
"  bottom,"  or  "  middle  "  panels,  according  to  position ;  and  F  P  are  the 
frieze  panels. 

The  door,  fig.  645,  is  hung  with  one  pair  of  butts,  which  should  be 
of  wrought-iron,  either  3  inches  or  4  inches  in  length  ;  the  lock  is  a 
rim-lock,  which,  though  on  the  same  principle,  is  of  a  better  kind  than 
the  ordinary  stock-lock — viz.,  a  projecting  lock,  screwed  on  to  the  face 
of  the  framing,  the  bolt,  when  turned,  going  into  a  box  staple  secured 
to  the  jamb  of  the  frame  or  lining. 

The  five  and  six-panelled  doors,  figs.  646  and  647,  are  hung  with 
1 1  pairs  of  butts,  on  account  of  their  increased  size,  while  they  are 
secured  by  a  mortise-lock,  which  is  sunk  into  the  style  and  part  of  the 
lock-rail,  as  shown  by  dotted  lines. 

In  addition  to  the  furniture,  as  the  handles  or  knobs,  etc.,  are' 
commonly  called,  it  will  be  noticed  that  these  doors  have  what  are 
0,2!^^^  finger-plates  screwed  on  to  the  styles  above  and  below  the  lock. 

Fig.  648  will  give  the  student  an  idea  how  a  door  is  put  together,  the 
example  being  a  five-panelled  door. 

It  will  be  seen  that  the  styles  are  made  with  horns,  X  X,  ij  inches 
longer  than  the  size  of  the  door,  at  top  and  bottom,  to  give  the  workmen 
something  to  knock  the  styles  off  by  while  framing,  and  allow  of  more 
substance  to  withstand  the  driving  home  of  the  wedges  at  top  and 
bottom. 

Where  the  doors  are  2  inches  or  more  in  thickness,  all  rails,  etc.,  must 
be  double-tenoned ;  and  under  any  circumstances  all  lock-rails  must  be 
double-tenoned  into  the  closing  style  when  mortise  locks  are  to  be 
used. 

Before  entering  into  the  details  of  the  various  modes  by  which  the 
skeleton  framing  of  the  door  is  ornamented,  it  must  be  impressed  on  the 
student  that  all  panelled  doors  can  be  treated  in  the  same  manner  with 
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one  class  of  work  on  both  sides,  or  a  different  one  on  each  side.     For 
instance,  a  four,  five,  or  six-panelled  door  can  be  either   square-framed 
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both  sides,  as  fig.  649  ;  moulded  both  sides,  as  fig.  650  ;  or  square-framed 
one  side  and  moulded  the  other,  as  fig.  65 1. 
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Square-framed  consists  of  the  panels  being  left  in  square  recesses ; 
in  fact,  left  as  the  skeleton  framing.  Fig.  649  represents  a  door  square- 
framed  on  each  side. 


Moulded  both  sides  is  the  term  used  when  mouldings  are  mitrec 
round  the  panels  (fig  650),  whether  they  be  "  stuck "  or  "  planted 
mouldings,  as  explained  in  Chapter  XVI. 
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Square-framed  a?id  moulded  is  a  combination  of  the  last  two,  one  kind 
being  on  each  side. 

Bead  butt  and  square  is  as  fig.  652,  the  beads  running  up  beside  the 

Square  &  Framed   Panels 


Plan 
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Styles,  and  butting  up  against  the  rails.     It  will  be  noticed  that  the  panels 
in  this  kind  of  door  are  thicker,  which  is  an  advantage  in  external  doors. 

Bead  flush  afid  square  has  the  bead  mitred  round  inside  the  panel 
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instead  of  only  on  two  sides,  and  butting  against  the  rails.  The  plan  is 
precisely  the  same  as  fig.  652,  the  difference  only  being  detected  on  the 
drawings  upon  the  elevation  and  vertical  section  (see  fig.  653) ;  and 
comparing  them  with  fig.  652,  it  will  be  noted  that  the  bead  is  shown  on 
the  sectional  elevation  in  a  "bead-flush"  door,  but  not  in  the  "bead 
butt." 


Sectional 
Elevation 


Elevation 
Fig.SSS.  r Scale 


The  two  kinds  of  doors  last  named  are  often  made  moulded  instead  of 
square  on  the  inside,  being  "  bead  butt  and  moulded,"  or  "  bead  flush  and] 
moulded."    The  beaded  work  is  seldom  put  inside,  being  most  suitable 
for  outside,  and  having  a  more  substantial  and  strong  appearance,  unsuit-j 
able  for  internal  effect. 

Chamfered  and  square  is  as  fig.  654,  and  requires  no  further  explana- 


Plan 
Fi^  S5^ .    I  Scale 


tion,  except  that  the  chamfers  are  worked  "  on  the  solid  " — i.e.,  of  the 
framing  itself. 

Stop- chamfered  is  as  fig.  655,  the  elevation  of  the  panels  being  as 
shown. 

Bo  lection-moulded  doors  are  on  plan  as  fig.  656,  and  on  elevation  as 
fig-  657  ;  whereon  it  will  be  noticed  that  the  lines  of  the  framing  are  within 
the  outsides  of  the  moulding,  which  is  the  proper  way  to  show  a  bolection 
moulding  in  elevation. 
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Fig.  656 
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Often  in  addition  to  these  mouldings — which  are  connected  to  the  sides 
of  the  framing,  and  really  enclose  the  panels — the  panels  themselves  are 
more  or  less  ornamented,  the  most  general  methods  being  the  following  : — 

Raised  panels,  as  fig.  658,  from  which  it  will  be  seen  that  the  panels 


Elevation 
Frg.  658, 


are  thicker  in  the  centre  being  raised  up  from  the  usual  face  which  goes 
into  the  groove  of  the  styles  and  rails. 

Raised  and  sunk  appear  the  same,  in  front  elevation,  as  the  last ; 
but,  before  the  bevel  starts  from  the  face  of  the  panel,  it  is  first  sunk  about 
^th  of  an  inch,  as  XX  on  fig.  659. 


Plan 
Fig.  659  I'/iScsie 


Moulded,  raised,  and  sunk  panels  are  yet  a  step  higher,  the  edge  of  j 
the  raised  portion  being  moulded,  as  fig.  660,  which  carries  a  double  line 
in  elevation. 

Linen  panels  are  occasionally  used  in  the  best  kind  of  work,  the  face' 
of  the  panel  being  moulded  and  carved  to  represent  a  roll  of  linen  twisted 
about  (fig.  661). 
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Miscellaneous  Doors. — Some  doors,  called  sash  doorsy  are  made 
with  the  top  part  of  them  prepared  for  glass  panels,  in  which  cases  the 
styles  are  often  diminished  at  the  lock  or  middle  rail,  as  at  X,  fig.  662, 
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ns  is  done  both  for  effect,  and  to  allow  of  more  area  of  glass,  which  is 
cured  within  the  framing  by  loose  beads  mitring  round  the  panels  and 
rewed  to  the  framing  after  the  glass  is  in. 
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Fig.  663  is  an  enlarged  plan  of  the  style,  showing  the  glass  and  mode 
of  fixing.  The  styles  of  this  kind  of  door  are  often  called  guft-stock  styles, 
from  the  shape  which  results  from  the  diminution. 


<-    3-  -  > 


mass 


Fig.  663. 


Dwarf  doors  is  a  name  given  to  doors  of  very  small  area,  principally  to 
cisterns,  cupboards,  and  trapdoors. 

Jib  doors  are  those  which  are  made  to  correspond  in  appearance  with 


the  walls  of  a  room,  having  the  same  finishings,  in  the  shape  of  skirtings, 
dadoes,  chair,  and  picture  rails,  or  cornices,  fixed  to  them  as  to  the  walls. 
They  are  out  of  date  now,  and  seldom  used. 


Single    door 


Fig.  6 66     Yi  Scale 


Sliding  doors  (when  double)  are  made  in  two  portions,  which  run  past 
each  other  on  wheels  when  required  to  open.  The  wheels,  which  may 
either  be  fixed  to  the  top  or  bottom  of  the  doors  (figs.  668  and  669),  have 
a  hollow  margin   in  the  centre,  which  grips  an  iron  or  hard  wood  guide 
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(fig.  664)  running  past  the  openings,  the  whole  width  of  the  doors,  to  keep 
them  in  position. 

This  class  of  door  is  suitable  for  goods  sheds,  fittings,  and  other  situations 
where  there  is  not  room  for  a  door  to  open  on  its  hinges,  as  fig.  665. 

To  overcome  this  difficulty  the  sliding  door  is  used  either  double  or 
single,  according  to  the  width  of  the  framing  and  spaces  at  its  sides 
(fig.  666). 

Fig.  667  shows  an  opening  with  narrow  sides,  which  necessitates  the 
door  being  in   two  halves. 

Figs.  668  and  669  show,  respectively,  sliding  doors,  with  wheels  on  a 
runner  overhead,  and  on  a  runner  underneath,  with  guides  to  suit  the 
alternate  methods. 

Foldifig  doors  are  those  which,  being  too  wide  to  be  hung  to  one  jamb, 
are  divided  into  two  parts,  each  hung  to  a  jamb,  right  and  left,  and  meet- 


ing m  the  centre,  as  fig.  670.  Each  of  the  half-doors  is  hung  with  butts 
to  the  jamb,  and  one  "leaf"  or  "fold"  is  fastened  by  bolts  at  top  and 
bottom,  into  sockets  fixed  to  the  head  of  the  frame  or  linings,  and  to  the 
floor.  The  other  leaf  is  secured  with  either  a  rim  or  mortise  lock  (as 
before  described),  but  the  latter  has  to  be  rebated  to  suit  the  section  of 
the  closing  style  of  the  door. 

They  are  made  in  the  same  way  as  other  doors,  the  meeting  styles  (as 
they  are  called)  at  X  being  rebated,  as  fig.  671,  to  form  a  joint;  and 
in  best  work  this  is  more  or  less  checked  to  prevent  the  ingress  of  draughts 
and  damp,  as  fig.  672. 

The  jambs  of  these  and  other  kinds  of  doors  and  frames  are  also  often 
checked  out  for  the  same  reasons  (fig.  673),  but  it  is  better  to  leave  a 
hollow  on  the  frame,  as  fig.  674,  and  have  no  projection  on  the  style  of 
the  door,  which  has  been  proved  to  suck  or  draw  in  the  rain  in  wmdy 
weather. 

Double-margined  doors  are  imitation  folding  doors.  The  door  is  hung 
in  one  width,  with  a  bead  worked  on  the  middle  from  top  to  bottom,  to 
make  it  appear  as  if  it  were  made  in  two  parts. 

Internal  doors  have  "  linings  "  or  casings,  which  can  be  either  plain  or 
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panelled,  according  to  the  thickness  of  the  walls  they  are  in  for  their 
cases. 


Qa 


@ 


GO 


Plain  casings  are  used  for  doors  in  4|-inch,  9-inch,  and  sometimes  in 
14-inch  brick  or  corresponding    stone  walls.     A  rebate  on  the  casing,  | 
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an  inch  in  depth,  around  the  three  sides  of  the  door,  regulates  the  size  of 
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Fig. 61  f. 


Hook  rebate 
Fig.  67 2. 

the  casing.     Thus  for  a  door  2  feet  9  inches  x  6  feet  9  inches,  the  casings 
must  be  2  feet  9  inches  between  the  rebates  in  width,  and  6  feet  9  inches 
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between  floor  and  rebate  in  height.  Their  width  is  regulated  by  the 
thickness  of  the  walls  plus  the  plastering,  if  any,  on  each  side.  A  casing 
for  a  4|-inch  wall  should  be  \\  inches,  plus  two  |  inches  for  plastering — 
i.e.^  6  inches  wide ;  and  for  a  9-inch  wall  it  should  be  io|  inches  wide. 


Hanging  Style 


Fig  674^ 


Fig. 673. 


Wedges  for  i-egulating^T  the  width  &.  perpendiculai* 
Plan 
Fig.  675. 


Section 
Fig. 676. /'Scale 
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Plain  casings  are  generally  2  inches  thick,  and  either  single  or  double- 
rebated — the  one  being  necessary  for  the  door  and  the  other  according  to 
fancy  and  uniformity. 

Fig.  675  represents  the  plan  of  one  jamb  of  the  casing  for  a  2-inch 
door  in  a  4|-inch  wall,  single-rebated. 
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Fig.  676  gives  the  section  at  the  head  showing  the  architraves  on  each 
side  in  elevation  and  section. 

Fig.  677  shows  a  front  view  of  part  of  a  door  lining  or  casing,  with 
lintel  and  relieving  arch,  and  rebate  for  doors,  whereof  fig.  678  is  an 
enlarged  view. 
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Rebate  for  door- 

riff.676    rScait 
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Plan 
Fig  6  80 


Section  Plan 

Pig  679  IScait  Fig  681 

Double-rebated  casings  have  a  rebate  on  the  other  edge,  corresponding 
to  that  for  the  door;  a  6-inch  casing — i.e.^  for  a  4|-inch  wall — being  as 
fig.  679,  which  is  a  section  through  the  head.  It  is  needless  to  give  the 
jamb  ;  the  student  should  be  quite  able  to  follow  that  out  himself. 

The  '*  single  and  double-rebated  "  casings  for  9-inch  walls  are  similar  to 
the  last,  but  of  course  wider. 

Fig,  680  represents  the  plan  of  a  single,  and  fig.  681  that  of  a  double- 
rebated  casing  for  a  9-inch  wall. 
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Those  for  14-inch  walls  must,  of  course,  be  cross-tongued,  having  to  be 
made  out  of  two  widths  of  stuff,  1 1  inches  being  the  widest  procurable. 

Fig.  682  is  a  plan  of  a  cross-tongued  double-rebated  casing. 

Occasionally,  this  cross-tonguing  is  superseded  by  framing  on  loose 
rebates  on  each  side,  as  fig.  683,  which  has  the  advantage  of  not  showing 


Plan.    I  Scalo 
Fi^  682 

any  crack  if  the  jbint  gives,  as  would  be  seen  with  the  cross-tonguinj 
as  fig.  682. 

It  is  also  a  good  plan  to  key  them  across  their  back  with  hardwoc 
keys,  to  keep  them  from  twisting ;  the  keys  being  dovetailed  in,  as  it  wei 
(see  fig.  684),  and  driven  home  from  the  thick  to  the  thin  end. 


Va/7     /   Sca.le 
FJj  683 


This  difficulty  is  often  obviated  by  using  skeletoti  casings ;  but  it 
should  be  noted  that  these  can  be,  and  are,  often  used  for  any  other 
widths.  They  have  the  advantage  of  giving  a  firmer  and  better  fixing  for 
the  hanging  style  of  the  door.  The  i|-inch  thickness,  which  the  rebate 
left  of  a  2-inch  casing  or  lining,  was  all  too  little  and  weak  for  hanging  a 
large  door  to  j  whereas,  with  the  skeleton  casing  and  "  loose  "  stop,  we  have 
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always  2  inches  to  hang  to,  and  without  waste  of  stuff  and  extra  cost,  such 
as  would  be  entailed  if  there  had  been  2-inch  rebates,  on  plain  linings. 

Fig.  685  represents  an  enlarged  plan,  and  fig.  686  a  small  elevation, 
of  the  jamb,  before  the  rebate,  or  rather  stop  piece,  is  planted  on  its  face  to 
form  the  rebates. 

Panelled  casings,  as  the  name  implies,  are  more  ornamental  than  any 
of  the  last.     Still  they  cannot  be  used  for  narrow  casings ;  1 1  inch  even 
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make  the  panels  rather  cramped  up.  The  panels  must  range  in  height, 
etc.,  with  the  doors,  those  on  the  jambs  by  the  panels  of  the  door  in 
height,  and  those  on  the  head  according  to  the  number  of  panels  at  the 
top  of  the  door.  It  is  always  as  well  to  show  the  top  or  "  soffit "  panelling, 
as  it  is  termed,  by  dotted  lines  on  the  plan,  as  fig.  687,  which  gives  a 
plan,  etc.,  of  panelled  linings  or  casings  for  an  18-inch  wall,  and  fig.  688 
a  smaller-scaled  elevation. 
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From  figs.  687  and  688  the  student  will  gather  that  the  door  is 
6-panelled,  3  in  height  and  2  wide ;  a  5  and  frieze-panelled  door  would 
have  had  only  i  panel  on  the  soffit  where  2  are  shown  by  dotted  lines 
on  the  plan. 


Elevation 
Fig'.eea.  '/2Scaie 


Oftentimes  the  rebates  are  what  are  called  loose  rebates,  and  they 
are  sometimes  beaded  in  addition,  as  fig.  689. 

From  the  various  illustrations,  etc.,  given  of  linings  or  casings,  the 
student  will  have  noticed  how  important  it  is  that  the  framed  grounds 
round  the  doorway  should   be  fixed   to   the   gauge   shown   on   fig.  591 
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perfectly  plumb  on  the  face  and  sides  ;  though  the  latter  can  sometimes 
be  corrected  by  the  wedges  used  to  regulate  and  secure  the  proper  line 
of  the  door  casings. 

Dadoes  are  wooden  framings  fixed  to  the  walls  around  a  room,  either 
as  an  ornament  or  for  protection.     They  are  usually  about  ij  inches 
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in  thickness,  and  can  be  made  of  plain,  cross-tongued,  or  any  other 
of  the  various  kinds  of  match-boarding;  or,  in  better  work,  they  are 
panelled,  and  can  be  square-framed,  moulded,  chamfered,  bolection- 
moulded,  bead  flush,  or  with  raised  or  other  ornamental  panels,  as 
explained  and  illustrated  for  doors. 

They  are  square   at   the   back   and   fixed   to  grounds   and  backings 


270 


BUILDING   CONSTRUCTION. 


plugged  to  the  brick  walls  ;  but,  to  prevent  damp,  they  should  be  painted 
at  the  back  before  being  permanently  fixed. 

Fig.  690  represents  a  section  and  part  elevation  of  a  panelled  dado 
with  its  belongings,  X  showing  what  is  called  a  leg,  being  the  end 
style,  which  runs  down  to  the  floor;  between  these  legs  the  dado  only 
goes  just  below  the  top  of  the  skirting.  There  is  no  regulated  height 
for  dadoes  ;  they  vary  according  to  taste  and  the  number  of  panels  in 
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height.      Of  course,   in    match-boarded    dadoes,   the   boards    are   fixed 
perpendicularly,  and  generally  run  down  to  the  floor. 

All  internal  angles  of  dadoes  are  tongued  and  grooved,  and  the 
external  angles  mitred  and  tongued,  or  formed  with  any  other  suitable 
joint,  explained  in  Chapter  XVI.,  to  which  please  refer. 


Fig.  692. 


Skirtings  are  plain  or  moulded  longitudinal  boards,  of  various  heights, 
fixed  on  grounds  and  backings  to  the  walls  at  the  floor  line.  In  best 
work  they  are  tongued  into  the  floor,  as  fig.  691,  which  represents  a 
moulded  skirting  with  its  fixings. 

Internal  angles  are  tongued  with  the  mouldings  scribed  over  each 
other,  and  the  external  angles  are  mitred  only. 

A  double  skirting  consists  of  two  or  more  members,  as  fig.  692,  and 
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generally  necessitates  the  backings  being  cut  to  the  shape  of  the  back 
of  the  complete  skirtings,  as  fig.  692. 

Chair  rail  is  the  name  given   to  the  longitudinal  mouldings  which 


Fig.  693. 

\    are  fixed  at  the  height  of  the  tops  of  the  backs  of  chairs,  as  a  capping 
to  dadoes,  as  in  fig.  693 ;  or  to  grounds  on  plaster  walls,  as  fig.  694. 


The  chair  rail  is  often  called  the  "surbase,"  and  the  skirting  the 
"plinth  "or  "  base  "  of  a  dado. 

Skirtings  and  dadoes  are  often  made  of  plaster  or  cement,  instead  of 
wood ;  but  these  will  be  explained  in  Chapter  XXI.  on  "  Plastering,"  etc. 


I 


CHAPTER   XVIII. 
WINDOWS  AND  WINDOW  FINISHINGS. 

Sash,  or  Cased  Frames— Solid  Frames  and  Casements— Borrowed  Lights  — 
Window  Finishings — Shutters. 

Windows  and  Frames. — Window  openings  are  filled  in  with  tw( 
classes  of  joiner's  framing — cased  frames  filled  in  with  sashes,  or  solid 
frames  with  casements. 

Sash  Frames. — Cased  frames  are  of  two  parts,  as  stated  above,  con- 
sisting of  sashes,  in  one  or  more  squares,  with  or  without  bars,  suspended 
over  pulleys  by  lines  with  regulated  weights  tied  on  at  the  other  end,  in 
boxings  framed  together  as  jambs.     These  jamb  boxings  are  connected  by 


Fiq.695. 
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a  head  at  the  top  and  sill  at  the  bottom,  forming  a  four-sided  frame, 
within  which  the  two  sashes  are  enclosed. 

Fig.  695  represents,  to  a  small  scale,  the  plan  of  a  cased  frame  with  its 
sashes  ;  fig.  696  is  a  section  of  the  same. 

Figs.  697  and  698  are  enlargements  of  the  same,  at  the  points  marked 
A,  B,  C,  and  D,  respectively ;  and  the  detailed  parts  are  lettered^  as 
follows  : — • 

P  S,  pulley  style ;  P  P,  pocket  piece  ;  P  H,  pulley  head— /.^.,  head  of 


style ;    S  C,   sash   cord 


W,  weights  ; 
372 


I  L,  inside   lining ;  O  L,    outside 
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lining ;  B  L,  back  lining ;  P  B,  parting  bead ;  P  L,  parting  lath  ;  T  B, 
inside  or  stop  bead ;  S,  sill ;  B,  blockings ;  S,  styles  of  sashes ;  B  R, 
bottom'  rail  of  sashes;  M  R,  meeting  rails  of  sashes;  T  R,  top  rail  of 
sashes ;  S  B,  sash  bar. 

From  the  enlarged  illustrations  the  student  will  have  noticed  that  the 
thickness  of  the  sashes,  whether  it  be  i|,  ij,  ij,  2,  or  2\  inches,  regulates 
the  thickness  of  the  whole  boxing.  All  the  other  usual  sizes  are  figured,  so 
that  he  should  be  able  to  apply  the  above  to  any  thickness  of  sash. 
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Fig.  6  97 
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On  fig.  697,  the  plan  of  the  jamb,  both  sash  styles  are  shown,  though 
only  the  inner  or  bottom  sash  is  really  seen  in  its  place  when  the  section 
is  taken  below  the  meeting  rail  C,  and  that  of  the  top  or  outside  sash  is 
only  observed  when  a  section  is  made  above  the  meeting  rails. 

It  will  also  be  noticed  that  the  two  weights  are  shown  in  the  boxings. 
This  sash-frame  is  supposed  to  be  double-hiingr—yi.e.^  both  sashes  are 
suspended  by  the  cords  over  the  pulleys,  and  weighted,  so  that  they  can  be 
regulated  when  neither  open  nor  shut.  If  the  sashes  were  single-hung 
only  one  weight  should  be  shown  in  each  jamb  on  the  same  side  of  the 
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parting  lath,  P  L,  inside  the  boxing — the  same  side  as  the  hung  sash  is  of 
the  parting  bead  outside.  This  parting  bead  should  be  of  oak  or  teak. 
to  provide  against  undue  swelling  and  sticking  of  the  sashes. 
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Fig.  699  is  an  elevation  of  the  pulley  style,  without  the  sashes  in ;  and 
fig.  700  a  section,  showing  the  working  details  of  the  axle  pulleys,  weights, 
cords,  and  pocket  pieces,  the  latter  of  which  are  for  putting  in  and  getting 
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out  the  weights,  when  hanging   or   regulating  the  sashes.      One  pulley 
only  is  shown  on  each  pulley  style  when  the  sash  is  '  single-hung.' 

The  pulley  styles  are  housed  and  wedged  into  the  oak  sills,  as  shows 
on  fig.  701,  and  housed  into  the  head  which  runs  across  at  the  top 
(See  fig.  702.) 
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The  linings  are  united  at  the  top  angles,  as  fig.  703  ;  and  the  sill  is 
notched  out  for  them  at  the  bottom,  as  fig.  704. 

The  meeting  rails  are  always  about  |  inch  thicker  than  the  styles,  or 
thickness  of  the  sash,  to  fill  up  the  space  of  the  parting  bead,  which  creates 
a  space  where  the  top  and  bottom  sashes  meet,  as  shown  in  fig.  705. 
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Fig.  706  shows  the  space  filled  up  properly  by  the  meeting  of  the 
sashes,  which  should  lock  as  shown,  the  top  sash  always  being  outside  on 
account  of  the  ledge  which  it  would  create  at  the  meeting  with  the  bottom 
sash  if  it  were  inside,  as  fig.  707. 

Sometimes  the  oak  sills  are  double-sunk,  as  shown  in  fig.  708,  and  the 
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top  or  inside  bead,  I  B,  is  made  deeper,  so  that  ventilation  can  be  let  into 
the  room  without  creating  a  draught,  by  raising  the  bottom  sash  a  little, 
so  that  it  does  not  get  above  the  top  or  inside  bead,  while  the  air  gets 
in  between  the  meeting  rails  of  the  sashes  not  properly  locked,  as 
fig.  709. 

To  prevent  the  wet  driving  or  sucking  up  the  sills  they  and  the  top  or 
inside  bead,  I  B,  are  made  to  either  of  the  sections  on  fig.  710. 
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The  cord  is  connected  to  the  sash  style,  as  fig.  711,  which  is  a  view  of 
the  side  of  the  sash  style  running  up  the  pulley  style  ;  a  space  for  the  cord 
being  made  in  the  thickness  of  the  style,  as  the  plan  shows,  with  an  enlarged 
place  for  the  knot,  as  on  elevation. 

The  outside  linings  of  the  frames  are  often  moulded  on  the  edge  in 
better  work,  as  fig.  712. 


The  sashes  themselves  are  moulded  to  a  variety  of  designs;  fig.  713 
being  chamfered;  fig.  714,  ovolo-moulded ;  fig.  715,  lamb's-tongue 
moulded;  fig.  716,  astragal  and  hollow-moulded;  fig.  717,  moulded. 

All  rebates  for  the  glass  in  the  sashes  should  be  no  less  than  §  inch 
deep,  and  about  |  inch  wide. 
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Sash  bars  are  of  width  varying  from  |  inch  to  1 1  inch,  by  the  thickness 
of  the  sash ;  but  the  thinner  they  are  the  better,  as  they  do  not  block  up  so 
much  light.  They  are  moulded  on  each  side  to  the  moulding  of  the  sash 
itself,  an  ovolo-moulded  sash  being  as  fig.  718;  and  they  are  connected 
together,  as  fig.  719,  by  a  scribing  and  mortise  and  tenon;  T  being  the 
tenon,  M  the  mortise,  and  S^  the  scribing. 
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Those  in  the  direction  of  the  jars  or  blows  are  made  ithe  "  through 
bars,  with  the  mortises.  The  other  joints  between  styles  and  rails  ar 
scribed,  mortised  and  tenoned  together,  and  wedged  up. 

When  sashes  are  not  hung  they  are  said  to  be /"a:^^  sashes. 
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Venetian  sashes  are  3-light  windows,  the  centre  light  bemg  larger  than 
the  sidelights,  as  fig.  720;  the  boxed  mullion  between  being  as  fig.  721, 
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when  all  sashes  are  hung ;  and  fig.  722  illustrates  the  treatment  when  this 
is  not  the  case ;  the  mullions  taking  up  far  less  room  ;  and  the  weights  of 
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the  centre  sash  (the  only  one  hung)  are  enclosed  in  the  jambs,  the  cords 
being  worked  by  pulleys  over  the  sidelights,  as  fig.  723  will  explain,  the 
two  lights  being  shown  to  illustrate  the  difference  of  working  as  compared 
with  the  usual  way 
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Marginal  sashes  have  a  narrow  margin  formed  by  a  sash  bar  up  or 
around  the  lights,  the  space  between  the  bar  and  the  style  being  the 
margin,  as  fig.  724. 

Single  and  double-hung  sashes  have  been  explained  in  the  general 
description. 

Circular-headed  sashes  have  the  underside  of  their  top  rails  and  the 


Inside 


head  of  the  outside  linings  cut  to  the  outline  of  the  arch,  while  the  inside 
is  kept  square  and  flat  (figs.  725  and  726). 

Circular-headed  sash  frames  have  their  boxings,  as  well  as  their  sashes, 
ramed  circularly  inside  and  outside.     But  the-  only  difference  noticeable  in 


a  section  is,  that  the  pulleys  must  be  placed  below  the  springing  line.  The 
plans  are  the  same,  and  the  elevation  of  course  different,  showing  exactly  what 
the  work  is.  The  pulley  style  is  cut  to  a  thin  veneer,  and  blocked  out,  as 
fig.  727,  the  two  bending  over  and  meeting  at  the  crown,  where  they  are  joined. 
Sashes  are  secured  by  means  of  sash  fasteners,  consisting  of  a  lever 
on  a  plate  screwed  to  the  upper  side  of  the  meeting  rail  of  the  top  sash, 
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which  turns  under  a  catch,  screwed  by  a  plate  to  the  upper  side  of  the 
meeting  rail  of  the  bottom  sash,  as  fig.  728. 

When  large  heavy  sashes  are  used  they  are  lifted  up,  when  to  be 
opened,  by  projecting  or  flush  lifts  fixed  to  the  bottom  rail  of  the  bottom 
sash,  and  the  top  sash  is  pulled  down  by  a  ring  fastened  to  its  top  rail. 

Solid  Frames  are  made  of  solid  heads,  sills,  and  jambs,  similar  to 


Plan. 
Fi(^.  730. 

door-frames,  and  filled  in  with  casements  exactly  the  same  as  sashes,  but 
hung  by  "  butts  "  to  the  sides  of  the  solid  framing. 

There  is  very  little  difference  to  be  noted  on  the  external  elevation 
as  compared  with  that  of  a  sash  or  cased  frame,  except  that  there  are 
no  meeting  rails  to  be  seen ;  the  real  difference  being  in  the  working  of 
them,  as  shown  by  plans,  sections,  and  of  course  the  details. 

Figs.  729,  730,  and  731  represent  the  elevation,  plan,  and  section  of 
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a  solid-framed,  single-light  window,  with  a  casement  hung  to  a  jamb 
to  open  inwards.  It  will  be  noticed  that  the  brick  jambs  need  not  be 
so  wide ;  2  inches  is  quite  sufficient  as  compared  with  4^  inches  for  a 
cased  frame ;  and,  moreover,  a  solid  frame  does  not  require  so  much  depth 
of  jamb  for  its  thickness,  4^  inches  again  being  ample,  whereas  some 
sashes  or  cased  frames  require  as  much  as  6^  inches;  but  this  varies 
according  to  the  thickness  of  the  sashes,  linings,  etc. 
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Fig.  732  is  an  enlargement  of  the  plan  of  a  jamb  or  section  of  the 
head,  both  being  alike ;  and  fig.  733  is  a  section  of  the  sill  of  chamfered 
casements  and  frames  to  open  inwards. 

The  casements  are  hung  to  the  jamb  by  a  pair  of  2 1  or  3-inch  butts, 
and  secured  h)y  a  casement  fastener,  the  principle  of  all  the  very  numerous 
different  kinds  being  a  handle  with  a  pin,  which  turns  on  a  brass  plate 
screwed  to  the  casement,  and  enters  into  a  mortise  or  staple  on  a  plate 
screwed  to  the  solid  frame  (fig.  734). 
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Fig.  735  represents  plan  and  section  of  head,  and  fig.  736  a  section 
of  the  sill,  of  a  moulded  casement  to  open  outwards. 

These  are  hung  and  fastened  in  the  same  manner  as  the  last-named, 
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and  the  opening  arrangement  is  regulated  by  means  of  a  stay  with  a  mov- 
able joint  fixed  to  the  bottom  rail  of  the  casement.  The  arm  is  pierced 
with  a  suitable  number  of  holes,  which  fit  on  to  a  pin,  screwed  by  a  plate 
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to  the  sill,  whereby  the  opening  may  be  regulated  and  the  casement  fixed 
in  any  position  required  (fig.  737). 

Hopper  casements  are  similar  to  hopper  fanlights  and  fall  inwards,  being 


hung  to  the  sill,  as  fig.  738,  fig.  739  being  a  section  of  jamb  and  head  with 
lamb's-tongue  moulded  casements. 

They  are  secured  by  the  spring  fastenings  illustrated  in  the  last  chapter. 

Pivoted  case7nents,  or  those  hung  on  centres,  are  explained  by  fig.  740, 


1 


ria./4l. 


figs.  741  and  742  being  sections  of  the  jamb  above  and  below  the  pivots. 
j     If  any  further  explanation  is  required,  the  student  must  refer  to  the  same 
[     kind  of  thing  in  fanlights,  where  their  principle  is  described  in  detail. 
I  Sliding  casements^  as  the  name  implies,  are  those  which  are  made  in  two 
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sections,  the  one  to  slide  past  the  other.  Fig.  743  is  a  plan  of  a  frame, 
filled  in  with  two  sliding  casements,  of  which  L  L  are  locking  styles,  each 
being  rebated  out  to  fit  the  other ;  and  figs.  744  and  745  give  sections  of 
the  sill  and  head. 

It  will  be  gathered  from  the  drawings  that  these  last  casements  have 
the  advantages  of  sashes,  in  that  they  neither  open  inwards  nor  outwards, 
which  may  be  said  to  be  disadvantages  in  casements  and  solid  frames, 


and,  moreover,  they  are  not  so  liable  to  let  in  the  wind  and  wet  as  hanging 
casements ;  but,  on  the  other  hand,  they  require  more  space  in  thickness, 
and  often  cause  trouble  with  narrow  jambs. 

Sometimes  the  casements  are  kept  in  their  place  by  iron  studs,  let 
into  the  sill,  as  fig.  746  ;  and  the  writer  thinks  that  to  be  the  better  way, 
as  it  is  not  so  intricate  and,  consequently,  not  so  liable  to  defects. 

French  casements  are  folding  casements  and  windows,  which  answer 
the  purpose  of  doors  as  well,  being  continued   down  to  the  floor-line. 
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Fig.  747  is  an  elevation,  and  fig.  748  a  section  of  one.  The  details  of 
jambs,  meeting  styles,  heads,  and  sills,  are  similar  to  those  of  ordinary  folding 
casements ;  but  these  have  to  be  thicker,  2  J  inches,  and  each  casement 
is  more  like  a  sash-door  with  diminished  or  gunstock  styles ;  and  where 
the  glass^panel  is  very  long,  a  low  panel,  like  that  of  a  door,  is  framed  at 
the  bottom,  to  lessen  it,  as  fig.  747. 

Hit  and  miss  csLSQments  are  those  used  for  farm  buildings,  etc.,  as  figs. 
749  to  752,  the  top  part  being  glazed  between  moulded  bars,  stumped 
into  head  and  transom;  and  the  lower  part  consisting  of  upright  slats, 
with  alternate  spaces  framed  into  transom  and  sill  outside,  with  slatted 
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framing  within,  which,  being  moved  aside  two  or  three  inches,  either  opens 
or  closes  the  alternate  spaces  between  the  single  slats  outside.  One  plan 
shows  the  slatted  frame  moved  aside,  so  that  the  holes  are  open,  and  the 
other  plan  shows  them  shut. 

Two-light  solid  frames  are  those  which  have  a  solid  muUion,  which  is 
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treated  like  a  double  jamb,  as  at  A,  fig.  753  ;  but  they  may  also  be  made 
two-light  by  a  transom,  one  llight  above  and  one  below  it,  as  fig.  754 ;  the 
transom  being  in  section  similar  to  fig.  755,  which  is  for  both  casements 
made  to  open  outwards. 

It  will  be  understood  that  the  section  of  the  transom  varies  in  every 
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case,  where  the  top  and  bottom  Hghts  differ  with  regard  to  their  opening  and 
shutting.  From  the  various  illustrations  given  in  these  notes  the  student 
ought  to  be  able  to  draw  them  to  suit  any  requirements. 

Four-light  casements  and  frames  are  generally  made  by  a  muUion  and 
transom,  which  divide  the  opening  into  four  spaces,  as  fig.  756. 

Sometimes  the  casements  are  hung  folding  in  solid  frame,  in  which 
cases  the  section  of  the  meeting  or  locking  styles  is  made  as  fig.  757  ;. 
or  it  is  occasionally  treated  as  fig.  758. 

It  has  been  proved  that  it  is  a  great  advantage  to  make  the  rebates  on 


f/^r.  762 

the  solid  frames  and  the  side  of  the  hanging  style  of  tne'casements,  as 
fig.  759 — i.e.,  on  the  splay  ;  the  contention  being  that  the  joint  fits  better 
and  tighter,  without  any  liability  to  knock  the  edges  off  the  styles  when  the 
casement  opens,  as  shown  by  the  comparison  of  figs.  760  and  761.  The 
outer  edge  of  the  style  gets  away  quicker  in  the  one  case  than  in  the  other. 
Borrowed  Lights,  of  which  the  object  is  to  give  light  from  one  room 
to  another  which  has  no  external  walls,  consist  of  a  plain  sash,  rebated 
and  fixed  into  a  plain  lining,  of  the  thickness  required  by  the  walls. 
The  lining  goes  all  round  the  opening,  as  fig.  762,  but  a  little  wider  at 


288 


BUILDING  CONSTRUCTION. 


nrchi^* 


the  bottom,  to  form  a  window-board,  which  takes  the  place  of  the  archi- 
trave on  the  jambs  and  head. 

Wa^er  bars,  of  iron  or  brass,  of  different  sections,  are  often  fixed  to 
the  bottom  or  end  of  casements,  as  fig.  763,  which  is  only  one  of  the  many 
equally  efficacious  patented  methods  for  keeping  out  driving  rain. 

Weather  boards  are  another  means  of  throwing  the  water  off  the 
bottom  of  casements.  They  are  of  wood,  and  similar  in  seciion  to  fig.  764, 
being  tongued  into  the  bottom  rail,  or  housed. 

Window  Finishings. — The  finishings  to  cased  and  solid  frames 
being  alike,  the  student  must  understand  that  the  various  framings, 
mouldings,  etc.,  explained  in  this  chapter  equally  apply  to  both  kinds 
of  windows,  although  each  kind  of  work  will  be  shown  in  connection 
with  a  cased  frame. 
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In  common  work,  where  the  back  of  the  window  frame  finishes  flush 
with  the  face  of  the  plastering,  the  only  finishings  required  are  a  window- 
board  at  sill  line  and  an  architrave  up  the  jambs  and  across  the  head. 

Fig.  765  represents  a  jamb,  and  fig.  766  the  head  and  sill  of  a 
window,  treated  as  above. 

It  will  be  noticed  that  the  architrave  is  fixed  to  "  plugs,"  grounds 
being  seldom  used  to  ordinary  windows ;  and  the  window-board  is 
grooved  into  the  oak  sill. 

Window-boards  have  rounded  nosings,  as  fig.  766 ;  or  they  are 
moulded  with  a  bed-mould  underneath  them,  as  fig.  767,  in  better 
work. 

Architraves  may  be  single  or  double,  the  single  being  as  shown  on 
figs.  765  and  766;  and  the  double-faced  {the  proper  term)  are  as  fig.  768, 
consisting  of  two  separate  moulded  members. 

When  the  sash  frame  does  not  take  up  the  whole  depth  of  the  jamb 
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linings  have  to  be  employed  to  make  a  finish  up  to  the  face  of  the 
plastered  wall,  and  the  window-boards  have  to  be  widened,  as  figs.  769 
and  770. 


F  10.766. 


The  window  jamb  linings  are  grooved  into  the  inside  linings  of  the 
frames,  and  fixed  to  backings,  B,  which  are  secured  to  plugs  in  the 
wall. 

The  window-board,  being  of  increased  width,  also  requires  backing 
underneath,  as  shown*. 


All  backings  should  be  no  more  than  3  feet  apart. 

Sometimes,  in  these  wider  walls,  the  brick  or  stonework  is  left  out 
I'  between  the  jambs,  beyond  the  back  of  the  frame,  from  the  window 
I  sill  to  the  floor  line,  as  fig.  771,  in  which  case  the  jamb  linings  of 
I'  the  windows  last  described  are  continued  down  to  the  floor,  and  called 
i  20 
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elbow  linings  below  sill  level ;  and  this  finishing  of  course  dispenses 
with  the  wide  window-board,  the  narrow  nosing  (figs.  765  and  766) 
being  again  brought  into  requisition  ;  and  beneath  it,  instead  of  plaster, 


we  have  wood  panelling,  called  window  backs,  from  beneath  the  window 
board  to  the  floor-line ;  the  skirting,  as  around  the  room,  covering  the  le^ 
or  styles,  which  run  down  as  explained  in  fig.  774  (for  dadoes). 


I 


WINDOWS  AND  WINDOW  FINISHINGS. 


291 


Fig.    772  represents   a   plan,   and   fig.    774   a   section  of   a   window 
treated  and  finished  off  in  this  way. 

From  the  front  elevation,  fig.   773,  the  window  back  will   be   seen 
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to  consist   of  a  panelled   framing   about   ij    inch   thick,   flush    at    the 
I   back  and  fixed  to  grounds,  as  G  on  section,  fig.  774.     The  front  of  the 

I  panelled  framing  may  be  plain,  chamfered,  or  moulded  to  any  design, 

II  and  the  usual  method  is  to  show  the  window  backs  by  dotted  lines  on 
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the  plans,  as  fig.  772.     The  jamb  and  elbow  linings  combined  are  fixed 
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on  the  splay,  as  fig.  775,  when  they  are  called  splayed  lining,  the  head 
of  course  remaining  y?^/. 
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Linings    are    tongued  at   their   top   angles,  just    as  door  linings   or 
casings,  to  join  the  horizontal  to  the  vertical  portions. 

Plinth  blocks  or  bases,   P  B  (fig.  773),  are  often  put  at  the  bottom 


Seclion. 
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of  architraves,  as  shown,   for  the   skirting   to   run   up   against,  as   well 

as  for  appearance. 

Linings,  in  the  best  work,  are  often  panelled,  whether  square  or  on 
\  splay,  the  soffits  also  being  treated  in  the  same  manner.  Figs.  776 
I    and  777  will  fully  explain  all  matters  in  connection  therewith  ;  though 
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it  may  be  well  to  remark  that  that  part  of  the  lining  called  the  elbow 
should  be  made  to  range  with  the  panels  of  the  window  backs,  with 
the    window    nosing   returned  round    it   in   the   shape   of  a   flush-bead 


(fig-  777))  because  the  architrave  would  not  allow  of  the  board   itself 
being  returned. 

In  designing  window  finishings  the    blinds  should  always  be  borne 
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in  mind,  and  spaces  left  on  each  side  the  window  and  above  the  head 
for  them ;  and  it  will  be  noticed  that  provision  has  been  made  for 
them  in  every  case  hereinafter  illustrated  and  explained. 

Shutters,  as  applied  to  the  internal  finishings  of  a  house,  are  of 
two  kinds — boxing  shutters,  and  lifting  or  sliding  shutters,  their  object 
being  to  give  greater  security  and  warmth  at  night. 

Boxing  shutters  are  also  caWed /o/ding  shutters,  because  they  fold  back, 
into  one  or  two  leaves,  into  the  "  boxings  "  which  are  made  for  them  where 
the  jamb  linings  are  usually  fixed. 

The  first  thing  to  be  done,  according  to  fig.  778,  is  to  leave  a  space 
for  the  "  blinds  "  all  the  way  round  the  .window  by  "  blocking-out "  (as 
shown  by  B  S  on  all  the  drawings),  and  to  this  member  the  shutters 
are  hung.  To  the  left  of  the  blind  fillet  we  get  a  plain  side  of  the 
boxing,  blocked  out  from  the  wall  to  the  face  of  the  blind  space  or 
fillet ;  and  into  this  is  tongued  the  back  lining  of  the  boxing,  which  is 
generally  panelled,  moulded,  and  fixed  to  backings  like  a  jamb  lining, 
because  it  is  visible  when  the  shutters  are  unfolded  to  cover  the 
windows.  The  other  end  of  this  back  lining  is  tongued  into  a  wide 
moulded  ground,  which  is  securely  plugged  to  the  brickwork,  and  in 
addition  to  its  own  work  forms  a  rebate  for  the  front  shutter  and  part 
of  the  double-faced  architrave  (as  Z),  on  which  the  other  member  of 
the  architrave  is  fixed. 

Having  completed  the  boxing  according  to  plan,  the  shutters  (which 
are  usually  1 1  or  i  ^  of  an  inch  thick)  only  have  to  be  put  in,  and  the  front 
shutter  is  panelled,  moulded  on  the  face  exposed  in  the  daytime,  to  the 
same  design  as  the  window  backs,  soffits,  elbow  linings,  and  other  work 
in  connection,  and  the  hinder  side  of  it  is  generally  made  "  bead  butt,"  as 
is  also  the  same  part  of  the  back  flap  or  other  shutters,  which  are  exposed 
by  night  when  the  shutters  are  unfolded.  The  other  part  of  the  back 
flap  is  left  square-framed. 

The  edges  of  the  styles  of  all  shutters  and  back  flaps  are  rebated 
out  alternately,  so  that  when  they  are  unfolded  they  fit  together  and 
ibrm  one  surface,  with  no  spaces  at  the  joints,  as  they  would  if  they 
were  square-jointed. 

The  elevation  of  the  shutters  is  exactly  the  same  as  the  jamb  linings 
of  a  window,  and  the  soffits,  window  backs,  and  elbow  linings  are  made 
and  used  in  the  ordinary  way ;  in  fact,  a  window  with  shutters  is  not 
complete  without  them. 

It  is  unnecessary  to  explain  and  illustrate  these  matters  again.  The 
student  must  look  back  to  the  part  of  this  chapter  concerning  them  if 
he  still  requires  any  information. 

It  may  be  as  well,  however,  to  give  a  section  through  the  head, 
top,  and  bottom  of  the  boxing,  and  also  to  show  the  sill  and  the  mode 
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of  dealing  with  the  bottom  of  the  shutters  at  window-board  level,  to 
allow  of  the  space  for  blinds  when  the  shutters  are  in  use  {^ide  figs. 
779,  780,  and  781). 
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At  the  top,  as  fig.  779,  the  styles  of  the  soffit  run  through,  and  an 
irregular  piece  of  wood  about  i  ^^  ^"^^  thick,  beaded  on  the  front 
edges,  is  nailed  underneath  them  to  lower  the  top  of  the  shutters,  so 
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that  when  they  are  unfolded  their  tops  do  not  touch  the  underside 
of  the  soffit.  The  bottom  is  treated  in  a  similar  way,  to  prevent  the 
shutters  from  scratching  the  window-board. 


Shutter     when  in  use 
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The  section  of  the  sill  (fig.  781)  will  explain  how  the  shutter 
bottoms  are  treated  there,  to  allow  of  stopping  in  front  for  blind  space. 
In  very  thick  walls  the  shutters  are  often  made  square — /.^.,  at  right 
angles   to    the   windows    in    lieu   of   on   the  splay ^    as    fig.    778,    which 
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M  the  common  way  in  ordinary  walls.  Fig.  782  gives  a  plan  of  such 
method,  and  it  is  needless  to  give  any  other  details,  as  they  are  similar 
to  those  already  given. 

In  thinner  walls,  where  there  is  no  room  for  shutters  of  ordinary  and 
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reasonable  widths,  the  boxings  have  to  be  blocked  out  beyond  the  face 
the  plastered  walls,  as  fig.  783  for  splayed  shutters,  and  fig.  784  for  square 
shutters. 


FiQ  785. 
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Another  method,  as  fig.  785,  is  to  throw  a  wide  flap  back  on  the  face 
of  the  wall,  the  joint  between  the  small  and  large  parts,  at  X,  being  called 
a  rule  joint,  on  account  of  its  similarity  to  the  joint  of  a  2-foot  rule ;  and 
they  are  treated  as  muUions,  as  fig.  786,  where  they  do  not  want  projecting 
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boxings  (as  in  figs.  778,  783,  and  784).  It  will  be  seen  on  fig.  786  that 
the  mullion  must  be  wide,  so  that  the  shutter  and  back  flap,  which  are  hung 
to  the  blind  space,  can  be  got  into  a  small  boxing  blocked  out  on  the  right- 
hand  side  by  a  moulded  upright  to  which  the  ft-ont  boxing  flap  is  hung ; 
and  when  the  shutters  are  out  and  in  use  a  small  blocking,  A,  hinged  to 
the  left  blind  space  (smaller  than  the  right),  is  brought  out  to  receive  the 
back  of  the  boxing  flap,  and  make  a  complete  ornamental  boxed  mullion, 
as  if  the  shutters  were  not  in  use  and  formed  it. 

Folding  or  boxing  shutters  are  sometimes  made  in  two  heights,  the 
joint  being  at  the  meeting  rail  level  of  the  sashes  ;  and  where  they  are  in 
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one  height  a  flush  bead  is  often  worked  on  them  at  that  level,  as  X,  on 
fig.  787,  which  may  either  represent  a  flush  bead  or  a  beaded  joint. 

From  the  preceding  illustrations  and  explanation  the  student  will  have 
noticed  that  the  back  flap  is  narrower  than  the  shutter,  and  only  one 
back  flap  has  been  shown  on  this  illustration ;  but  more  may  be  added, 
according  to  the  size  of  the  window,  to  be  covered  by  shutters  from  two 
boxings,  one  set  on  each  jamb.  Still,  it  is  always  better,  where  possible, 
to  have  wider  shutters  and  back  flaps,  and  less  of  them  in  number,  as  the 
more  there  are  the  more  likely  they  are  to  get  out  of  order.  At  best  they 
are  often  very  awkward  and  troublesome. 

In  setting  out  this  kind  of  shutter  great  care  must  be  taken  that  the 

I  rebates  are  in  pairs,  one  to  fit  the  other — not  forgetting  the  meeting  styles 
of  the  sets  from  each  jamb.     It  is  always  of  advantage  to  leave  as  much 

j  space  as  possible  between  the  shutter  and  back  flaps,  when  in  the  boxing, 
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to  make  room  for  the  shutter  bar,  etc.,  which  is  secured  to  the  back  of  the 

shutter. 

Shutters  are  hung  by  small  special  butts,  called  l^ack  flaps^  fixed  about 
3  feet  apart  up  the  styles,  the  complete  set  of  shutters  (when  unfolded) 
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being  held  together  in  position  by  the  shutter  bar,  which  stretches 
from  behind  the  back  of  the  back  flap  of  each  jamb,  as  fig.  788,  and  is 
secured  to  one  shutter  by  a  loose  joint,  to  fall  down,  when  not  required, 
at  A ;  and  let  into  the  other,  at  B,  when  in  use. 

The   other  kind   of  shutters,   for   internal    windows,   though   not   so 
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commonly  used  as  the  "  boxing  "  shutters,  is  the  lifting  or  sliditig  shutters, 
which  are  framings  the  whole  width  of  the  window,  enclosed  and  hung 
in  cased  frames  similar  to  sashes.  When  not  in  use,  they  are  made  to 
slide  down  the  casings  into  a  well,  formed  for  them  between  the  back 
of  the  window  back  and  the  wall,  as  shown  on  fig.  791,  the  toprails  being 
then  just  below  the  window-board,  which  is  fitted  so  as  to  act  as  a  flap. 
The  cased  boxings  are  made  up  the  jambs  of  the  windows  from  under- 
neath the  soffit-lining  to  the  bottom  of  the  well  below  the  window-board, 
and  often  below  the  floor,  as  shown. 

Fig.  789  is  a  plan  of  this  kind  of  shutter,  fig.  790  an  elevation,  and 
fig.  791  a  section. 

On  account  of  the  heavy  weights  of  the  shutters  (which  are  about 
I J  or  i^  inches  thick),  lead  weights  are  used  instead  of  the  iron  weights 
generally  used  in  sash  frames,  and  cords  are  fixed  to  work  them.  The 
only  fittings  and  fastenings  required  for  these  shutters  are  the  rings  in  the 
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top  of  the  toprails,  to  lift  them  up,  and  a  screw  to  connect  the  two  leaves 
together,  where  they  meet  in  position,  as  fig.   791.     The  window-boar( 
used  as  a  flap,  is  hung  with  small  butts,  and  lifted  up  by  a  flush  ring. 

Sometimes  internal  shutters  are  made  to  slide  laterally,  though  they  ai 
seldom  met  with  now.  They  are  worked  on  the  same  principle  as  sliding 
doors  and  casements,  to  which  the  student  must  refer,  the  only  diff'erence  beinj 
the  lightness  of  the  framing  for  shutters  as  compared  with  that  for  doors. 

External  shutters^  whether  for  houses  or  shops,  are  now  almost  obsc 
lete ;  but  it  may  be  as  well  to  say  that  house  shutters  are  folding  framings^ 
the  same  height  as  the  windows,  each  fold  being  secured  by  parliamet 
hinges  to  the  outside  lining  of  the  sash  frames,  and  thrown  by  them  out-^ 
side  the  brick  reveal,  as  fig.  792. 

Shop  shutters  consist  of  numerous  narrow  panelled  framings,  aboul 
15  inches  wide,  the  same  height  as  the  window ;  and  they  can  be  removed 
and  put  in  position  one  by  one  at  pleasure.  They  are  secured  by  mortises 
in  the  bottom  of  the  shutters,  which  go  on  to  small  dowels  fixed  on  the 
window  sill. 


CHAPTER  XIX. 

WOODEN     STAIRS. 

Stairs  and  Staircases — Definition  of  Terms  and  Rules — Kinds  of  Stairs — 
Construction  of  Stairs  and  Details — Handrails. 

Stairs  and  Staircases. — Stairs  are  the  means  by  which  ascent  or 
descent  is  made  from  one  level  (or  floor)  to  another.  They  can  be  made 
of  stone,  iron,  concrete,  or  wood;  but  it  is  only  intended  to  deal  with 
wooden  stairs  in  this  chapter. 

The  stairs  themselves  are  built  up  of  a  continuous  range  of  light  boards, 
grooved  and  tongued  together,  and  arranged  in  horizontal  steps  rising  one 
above  the  other  in  a  raking  line  drawn  from  the  bottom,  or  starting-point, 
to  the  top  or  place  where  it  is  required  to  land. 

The  ends  of  these  boards  or  steps  are  connected  to  stouter  boards, 
pitching  from  the  bottom  to  the  top  to  the  raking  line  just  alluded  to ; 
and  they  are  often  supported  in  the  middle,  as  will  be  explained  more 
fully  hereinafter. 

This  structure  of  boards,  etc.,  called  stairs,  connecting  the  different 
floors  together,  is  enclosed  in  a  staircase,  which  is  either  a  specially 
built  chamber,  or  a  space  or  part  of  a  larger  apartment  set  aside  for  the 
purpose. 

When  the  latter  is  the  only  provision  made  for  containing  the  stairs,  the 
floors  and  ceilings  have  to  be  trimmed,  as  fig.  793,  in  order  to  provide 
headway,  and  allow  of  communication  between  the  stairs  and  the  higher 
floor  levels,  with  which  the  stairs  themselves  are  the  means  of  communica- 
tion. 

It  is  needless  to  say  that  there  are  numerous  kinds  of  wooden  stairs, 
differing  from  each  other  in  principle  and  in  form,  but  alike  in  general 
detail,  although  the  mouldings  and  mode  of  treatment  may  differ  a  little 
However,  before  entering  into  these  details,  or  going  into  an  explanation 
of  the  different  kinds,  it  will  be  as  well  to  acquaint  the  student  with  the 
meaning  of  the  different  terms  and  rules  applied  to  stairs  in  general. 
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Definition  of  Terms  with  Rules.— The  tread  is  the  flat  horizontal 
surface  of  the  step  on  which  the  foot  is  placed  (distinguished  by  T  on  the 
illustration,  fig.  794). 

The  riser  is  the  vertical  face  of  the  step,  or  the  upright,  R,  which  con- 
nects the  back  of  the  lower  tread  with  the  front  of  the  upper  one. 

The  nosing  is  the  edge  of  the  tread,  which  projects  beyond  the  face  of 
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the  riser ;  it  is  usually  rounded,  and  sometimes,  by  means  of  a  small  hollow 
fillet  planted  underneath,  it  is  made  moulded  (as  shown  in  fig.  794). 

Newels  (N)  are  the  vertical  posts,  either  square,  moulded,  or  turned, 
which  connect  the  handrails  and  strings  of  different  flights  together.  The 
riser  of  the  top  or  bottom  steps  is  always  housed  into  the  centre  of  the 
newel  at  their  various  heights. 


A  stair  generally  starts  with  a  newel  where  there  is  no  wall  to  receive 
the  ends  of  strings,  handrails,  etc.,  whether  it  be  at  the  top  or  bottom,  in 
each  of  which  cases  the  newels  are  a  convenience  and  an  ornament. 

The  strings  (S  T)  are  the  "  walls  "  of  the  treads  and  risers  of  the  stairs. 
Each  step  is  housed  into  the  strings  at  both  its  ends,  the  string  running 
from  newel  to  newel,  or  from  floor  to  floor  at  the  inclination  of  the  stairs, 
and  parallel  to  the  line  of  nosings  and  the  handrail. 
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The  handrail  (H)  is  a  rounded  or  moulded  rail,  fixed  above  and  parallel 
to  the  string  along  the  walls,  or  from  newel  to  newel,  for  the  convenience 
and  aid  of  persons  using  the  stairs.  It  should  be  of  such  a  section  that  it 
can  be  easily  and  comfortably  grasped  by  the  person  ascending  or  descend- 
ing the  stairs. 


Balusters  (B)  are  the  light  upright  posts  or  bars  supporting  the  hand- 
rails between  the  newels,  from  the  treads  of  the  steps  or  string,  and  they 
can  be  square,  moulded,  or  turned. 

A  flight  is  the  series  of  continuous  treads  or  risers,  or  steps,  inclining 
from  one  landing  to  another,  or  connecting  the  different  floors,  if  there  are 
no  landings. 

A  landing  is  the  flat  space  or  floor  at  the  top  of  the  stairs. 

A  half-space  landing  is  a  similar  flat  resting  space  between  two  flights, 
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one  of  which  returns  upwards  in  a  direction  opposite  to  the  other,  which 
goes  down,  as  figs.  795,  796.     It  is  generally  the  width  of  the  two  flights. 

A  quarter-space  is  a  landing  half  the  size  of  the  last-named,  and  extend- 
ing across  one  flight  only,  the  riser  of  the  upward  flight  being  at  right  angles 
to  that  of  the  downward  one  (fig.  797). 

The  go  or  going  of  a  stair  is  the  distance  from  riser  to  riser,  and  the 
"  rise  "  is  that  from  tread  to  tread. 

The  going  of  a  "  flight "  is  the  distance  from  first  to  last  riser,  between 
landings,  or  between  the  bottom  and  top  of  the  stair. 
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Fliers  are  the  ordinary  steps,  rectangular  in  tread  or  plane ;  while 
winders  are  those  of  triangular  form,  which  are  employed  in  turning 
corners  or  curves. 

Curtail  steps  are  those  generally  at  the  bottom  of  a  flight  or  stair, 
which  have  one  circular  end  to  tread  and  riser ;  and  in  the  centre  of  the 
tread  the  newel  is  placed,  as  fig.  797A,  the  other  end  of  the  step  being 
housed  to  the  wall  string  in  the  ordinary  way. 


ng.isj.^ 


Fig, 7 97? 


Bull-nosed  steps  are  similar  to  the  latter  in  form  and  use,  but  the  end 
is  only  about  a  quarter  of  a  circle  in  contrast  to  a  *' curtail"  {vide  fig. 
797B). 

It  will  be  readily  understood  that  the  success  of  a  stair  depends  on  the 
convenience  and  ease  with  which  it  can  be  ascended  or  descended — />., 
the  go  and  rise  of  the  step  must  be  of  suitable  dimensions,   and  the 
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flights  short  (i.e.,  of  no  more  than  a  dozen  steps)  between  a  landing,  half 
or  quarter  space,  on  which  to  rest  if  necessary. 

Various  rules  have  been  drawn  up  to  regulate  the  width  of  the  tread  or 
"  go,"  in  proportion  to  the  rise  of  the  risers ;  but  the  writer  considers  that 
the  following  scale  of  proportion  gives  the  most  comfort  and  ease  to  the 
user  of  the  ordinary  stair,  while  it  is  also  a  simple  one  for  the  student  to 
remember. 

Take  9  inches  wide  for  the  tread,  and  7  inches  high  for  the  rise  of  the 
riser,  as  the  standard  or  basis ;  and  accordingly  as  the  tread  increases  or 
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decreases  in  width  per  inch,  deduct  or  add  \  inch  in  rise  respectively, 
therefore  : — 

A    5-inch  tread  should  have  a  9-inch  riser. 
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Another  rule  is  that  the  "  product "  of  width  of  the  tread,  multiplied 
by  the  height  of  the  riser,  should  equal  66  inches,  which  will  be  found 
to  agree  nearly  enough  with  the  above  table,  which  1  have  given. 

Of  course  it  will  be  understood  that  these  dimensions  cannot  always 
be  carried  out  to  the  letter,  on  account  of  the  varying  circumstances, 
lengths,  and  heights  met  with  in  practice  ;  but  the  principle  can  be  always 
borne  in  mind,  and  regulated  to  the  individual  requirements. 

The  width  of  the  stair  or  length  of  the  step  is  also  subject  to  variation, 
■vith  the  different  positions  and  circumstances,  but  they  should  never  be 
less  than  2  feet  9  inches  or  3  feet  for  ordinary  use  ;  and  it  is  better  that 
they  should  be  of  such  a  width  that  two  persons  can  pass  each  other  on 
the  flight  with  ease. 

In  winding  stairs,  or  places  where  there  are  winders,  the  full  width  of 
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the  tread  in  proportion  to  the  rise  should  be  placed  where  a  person  would 
put  his  feet  when  he  is  grasping  the  handrail  in  ascending  or  descending 
the  stair;  that  is,  about  i8  inches  from  the  centre  of  the  handrail,  or  string. 
Kinds  of  Stairs. — A  straight  stair  is  that  on  which  the  person 
ascending  moves  up  in  the  same  forward  direction  from  bottom  to  top, 
as  figs.  798,  799,  and  800,  in  plan,  section,  and  elevation.     This  is  a  very 


Plan.  ^ 

Fi^.  801 


common  form  of  stair,  though  it  takes  a  considerable  length  of  space  in 
proportion  to  the  height  to  be  attained  ;  and  on  the  other  hand,  it  only 
takes  up  half  the  width.  It  is  a  very  tiring  and  inconvenient  stair  when 
there  is  a  considerable  distance  to  ascend. 


^ 


Sectional   Clevatioh 
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Front  Llevauon 
Fig  603 


Figs.  801,  802,  and  803  represent  the  same  class  of  stair  with  winders 
at  the  bottom,  which  create  a  saving  in  the  length  of  the  staircase,  and, 
when  at  either  bottom  or  top,  necessitate  the  starting  place  or  landing 
being  almost  at  right  angles  to  the  stair  itself. 

Winders,  though  of  common  occurrence,  are  an  inconvenient  defect  in 
a  stair,  and  should  always  be  avoided  as  much  as  possible.     Straight  stairs 
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may  have  a  landing  in  their  length,  to  break  the  flight,  and  as  a  resting 
place  ;  but  it  seriously  increases  the  length  of  the  staircase. 

Dog-legged  stairs  are  the  first  improvement  on  the  latter,  inasmuch  as 
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Sectional  Elevation 
Fig  808. 
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I 


Front  Elevation 
Fig.  80.9. 


jl  by  them  the  distance  to  be  ascended  is  divided  into  two  flights  with  a  half- 
space,  or  two  quarters  connected  by  one  riser,  between  each  flight,  as 
^s.  804,  805,  806,  807,  8o8,*and  809.     It  will  be  seen  that  the  length 
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of  the  staircase  is  considerably  reduced,  while  its  width  is  increased ;  also 
that  the  outer  string,  carrying  the  outer  ends  of  the  steps  of  one  flight,  is , 
exactly  above  that  of  the  other  flight,  leaving  no  opening  or  well  hole,  as 
it  is  called,  between  them.  It  is  in  this  kind  of  stair  that  the  newel  is  first 
ased,  its  object  here  being  to  receive  the  top  end  of  the  string  and  hand- 
rail of  the  one  flight,  and  the  bottom  ends  of  the  other,  or  top  flight.  The 
newels  are  generally  square  pieces  of  wood,  but  sometimes  turned  or  other- 
wise ornamented.  Figs.  8io  and  8ii  represent  the  common  square 
newel  (used  in  figs.  807,  808,  and  809),  which  receives  the  strings  of  both 
flights,  one  over  the  other,  on  the  first  side,  the  risers  of  the  bottom  and 
top  step  of  the  alternate  flights  on  the  second  and  fourth  sides,  and  the 
riser  (X,  fig.  811)  on  the  third  side,  when  there  are  two  quarter-spaces  in 
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Flan 
Fi<^.8ll. 


Down 


lieu  of  the  half-space  landing.  The  newel  reaches  in  length  from  the 
floor  below  to  a  little  above,  where  it  receives  and  supports  the  handrail  of 
the  top  flight. 

Sometimes,  in  dog-legged  stairs,  the  quarter  and  half-spaces  are  com- 
pletely taken  up  by  winders ;  but  this  should  always  be  shunned  as  a  most 
serious  defect  and  danger. 

Tke  open  neivel  stair  difl"ers  from  the  foregoing,  in  that  it  has  a  well  hole 
between  the  strings  of  the  two  flights,  necessitating  the  use  of  two  newels  in 
lieu  of  the  one  at  the  junction  ;  while  it  allows  of  one  tread  and  two  risers 
between  the  two  quarter-spaces,  as  in  figs.  812,  813,  and  814. 

This  is  a  convenient  form  of  stair,  though  it  takes  a  wider  staircase  than 

the  last ;  but   this  is  more  than  counterbalanced  by  its  utility,  for  which 

reason  it  is  most  generally  used  in  decent  work.     Still,  its  principles  can 

be  misused  by  the  addition  of  winders  in  the  quarter-spaces,  as  in  the  last, 

A  geometrical  or  wreathed  stair  is  one  which  has  no  newels.     It  requires 
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about  the  same  length  of  staircase  as  a  "  dog-legged  "  or  "  open  newel  " 
stair,  but  is  perhaps  a  little  wider  than  the  latter.  The  principle  of  the 
stair  is  the  continuous  string,  stretching,  or  inclining,  as  it  does,  from 
bottom  to  top,  around  a  well  hole,  with  a  half-round  corner  (still  on  the 
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incline),  where  the  newels  of  the  open  newel  stair  have  been  dispensed 
with. 

It  has  no  landings  or  quarter-spaces,  but  is  one  continuous,  convenient, 
and  comfortable  ascent,  the  winders  converging  to  points  inside  the  well 


Fronr  Elevacion 
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hole,  and  thus  giving  a  wide  tread,  at  a  very  short  distance  from  the 
:,  wreathed  string  and  handrail.  Figs.  815,  816,  and  817  give  plan,  section, 
f    and  elevation  of  such  a  stair. 

I  Having  explained  the  different  kinds  of  stairs,  it  now  only  remains  to 

I    explain  the  details  which  may  be  said  to  be  applicable  to  all  the  foregoing 
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kinds,  although  there  are  extra  members,  and  different  forms  and  details 
of  them,  peculiar  to  the  more  elaborate  kind  of  stair. 

Construction  of  Stairs.— Fig.  8i8  is  a  section  of  the  treads  and 
risers  of  a  common  narrow  stair  between  two  walls.     The  treads  have 
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rounded  nosings,  and  are  grooved  and  tongued  to  the  risers,  glued  together, 
blocked  and  housed  into  the  strings,  and  wedged  up  finally. 

Winders  are  similar  in  detail,  but  their  section  depends  of  course  upon 
where  it  is  taken,  and  which  wide  or  narrow  part  of  the  tread  it  cuts  through, 
as  A B  or  CD,  fig.  819,  the  latter  of  which  cuts  the  risers  when  close  together. 
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Both  of  the  strings,  in  this  case,  being  wall  strings,  their  sections  will 
be  similar  to  fig.  820,  which  is  a  section  on  line  AB  in  fig.  818.  The 
string  is  housed  out  for  each  end  of  a  step,  with  its  wedges  to  riser  and 
tread,  as  fig.  821,  in  elevation. 


Skirting     1 
of  Landing  \ 


^^'here  strings  meet  at  right  angles  they  are  either  grooved  and  tongued 
together,  or  dovetailed  ;  and  where  there  are  winders,  at   either  corners, 
'T  junctions  of  raking  with  straight,  they  are  eased  off,  as  X,  figs.  822 
and  823,  which  are  called  ramps. 
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In  better  stairs,  the  section  of  treads  and  risers  is  as  fig.  824,  from 
which  it  will  be  gathered  that  the  strings  are  deep,  being  1 1  inches  in  lieu 
of  9  inches,  and  the  nosings  moulded,  the  small  hollow  fillet  being  housed 
into  the  underside  of  the  tread,  and  dispensing  with  the  tongue  on  the  top 
of  the  riser.  And  in  addition  to  the  gluing,  blocking,  housing,  and  wedging 
to  strings,  where  the  steps  are  wide,  they  have  an  extra  support  in  the 
form  of  a  rough  bearer  called  a  carriage^  which  inclines  from  bearing  to 


ross  Section 
Fig.82e. 


Fig. 821. 


bearing,  parallel  to  the  string  supporting  the  under-side  junction  of  treads 
and  risers  in  the  centre  of  the  stair,  as  figs.  825  and  826.  This  also  entails 
additional  depth  of  string,  as  X,  the  top  dotted  line  representing  where  the 
underside  of  the  string  would  have  been  without  the  carriage. 

Oftentimes  a  further  addition  to  the  "  glued,  blocked,  housed,  wedged, 
and  supported  by  fir  carriages,"  is  made  by  screwing  shaped  brackets  on 
to  the  side  of  the  carriage  to  support  the  treads  of  the  steps,  as  fig.  827,  the 
carriage  only  being  a  help  to  the  risers  and  the  stair,  as  a  body.  (See  also 
section,  fig.  828.) 
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When  each  flight  of  stair  has  not  a  wall   on  each  side  of  it  for  wall 
strings,  the  other  string,  which  is  not  against  a  wall,  is  called  an  outer 
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Fig. 8  28 
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String.  Consequently,  it  must  be  stouter,  and  more  ornamental  and  taking 
I  to  the  eye  on  the  outside,  as  fig.  830,  which  shows  handrail,  etc.,  in 
I     elevation,  fig.  831  being  a  plan  of  the  same.     The  string  is  as  fig.  829 
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in  section,  or  it  may  be  more  elaborate  still,  and  consist  of  string,  S ; 
capping,  C  ;  and  fascia,  F ;  as  fig.  832. 

Strings  should  always  be  tongued  at  headings,  and  either  grooved  and 
tongued,  or  dovetailed,  at  all  angles,  housed  into  the  centre  of  all  newels, 


Plan 
Fig.  83  J. 


Elevation 


332. 


and  pinned  in,  as  in  fig.  833.     If  they  are  moulded  the  housing  has  to  be 
scribed  for  the  mouldings  to  fit  in  as  well. 

Handrails  are  also  scribed,  housed,  and  pinned  to  all  newels,  and  should 


Newel* 


^ 
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be  fixed  2  feet  8  inches  above  each  tread,  measured  in  a  line  from  the  face 
of  the  riser,  as  fig.  834.  On  landings  and  fiat  places  they  should  be  3  fee 
I  inch  high.  Fig.  835  presents  a  rounded  or  mopstick  handrail  in  section 
fig.  836,  a  moulded  handrail;  and  fig.  837,  a  toadsback  moulded  handrail, 
so  called  because  of  its  flat  curved  top. 
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The  balusters  are  housed  into  the  strings  and  handrail,  as  shown 
above ;  but  sometimes,  especially  when  of  iron,  they  are  connected 
together  by  an  iron  core,  which  is  secured  on  to  the  top  of  them,  as 
fig.  839,  and  the  core,  in  its  turn,  is  let  into  and  screwed  to  the  underside 
of  the  handrail,  as  fig.  840. 


Fig.e36  Fl(^.d36. 
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Fig.  83  8 


A  handrail  should  always  have  a  curved  top  face  and  no  arrises,  and  be 
of  such  a  size  that  it  can  be  easily  grasped.  Fig.  838  is  a  section  of  one 
suitable  for  a  winding  geometrical  or  wreathed  stair. 

Neivels  are  generally  cut  out  of  square  stuff,  and  either  left  square, 
moulded,  or  turned.  They  are  the  mainstay  of  the  stair  and  the  connecting 
link  between  the  flights,  as  every  string  should  be  framed  and  pinned  into 
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them,  and  the  risers  of  the  steps  next  to  them  ought  always  to  be  housed 
into  their  centre,  as  previously  shown. 

When  newels  are  not  framed  at  both  ends,  from  floor  to  floor,  they 
have  either  rounded  or  turned  tops,  when  their  foot  is  framed  and  secured 
as  at  the  bottoms  and  tops  of  stairs  ;  and  where  they  occur  between 
landings  or  flights,  and  are  not  framed  at  either  of  their  ends  into  floors, 
etc.,  but  to  the  trimmers  sideways,  as  figs.  841  and  842,  they  have  a 
moulded  or  turned  top,  and  the  bottom  is  turned  and  ornamented  as  well, 
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and  called  a  pendant  or  drop,  as  fig.  843,  which  is  a  representation  of  the 
newels  at  a  half-space  landing  on  an  open-newel  stair. 

Landings,  whether  half  or  quarter-space,  are  made  of  flooring  boards 
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String 


fig  84-3 


carried  on  ordinary  joists  framed  into  the  trimmers,  to  which  one  flight 
inclines,  and  from  which  the  other  starts,  as  fig.  844,  which  represents  a 
half-space  landing. 


In  best  work  these  boards  are  not  nailed  down,  but  are  glued  together 
and  secured  by  hardwood  buttons  underneath,  each  button  being  screwed 
to  the  underside  of  the  board,  and  the  tongue  on  them  turned  into  a 
groove  on  the  joist  of  the  landing,  so  that  the  buttons  are  secured  to  the 
joists,  and  the  boards  to  the  buttons,  as  figs.  845  and  846. 

The  edges  of  the  landing  are  treated  as  the  top  of  a  tread  of  a  step, 
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when  they  act  as  such.  Fig.  847  represents  the  edge  of  a  landing  above  a 
riser,  and  fig.  848  the  edge  of  a  top  landing,  surrounding  the  well  hole  of 
the  stairs  ;  A,  the  part  which  covers  the  face  of  the  trimmer,  being  called 
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an  apron.  Where  there  are  quarter-spaces,  it  is  obvious  that  one  con- 
1  tinuous  trimmer  is  neither  suitable  nor  useful,  as  explained  by  fig.  849 — 
I  the  right  of  the  figure  representing  the  rough  joists  and  trimmers  of  a 
j  quarter-space  in  an  open  newel  stair,  with  two  risers  between  the  quarter- 
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spaces,  while  the  left  side  shows  how  to  place  the  bearers,  etc.,  when 
necessary,  with  winders.  The  section  will  explain  the  different  height  of 
the  bearers,  and  should  give  the  student  an  idea  of  what  is  required  in 
such  cases.     (See  fig.  849.) 


F'3 
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The  bearers  for  the  winders  in  a  wreathed  or  geometrical  stair  are 
treated  in  a  similar  manner. 

Wreathed  stairs  (geometrical),  with  their  continuous  winding  strings,  of 
course  are  very  intricate  at  the  returns  ;  so  much  so,  that  the  strings  and 
handrail  are  constructed  on  a  drum,  that  more  accuracy  may  be  obtained, 


nosing 


Fig  .852. 
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as  the  string  is  both  circular  on  plan,  and  rises  at  the  same  time.  The 
back  of  the  string  at  the  return  is  cut  away  to  a  very  thin  veneer,  which 
is  blocked  up  with  wedge-shaped  backings  from  behind  ;  and  the  joint 
between  the  two  parts  of  the  string  is  secured  by  handrail  screws.  (See 
fig.  851.)  It  must  be  borne  in  mind  that  it  rises  at  the  same  time  as  it 
goes  round.     (See  fig.  852.)     Carriages  and  bearers  support  the  steps. 
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Bull-nosed  or  airtaikd  steps  are  treated  in  the  same  manner.  See 
fig.  853,  which  is  a  plan  of  one  of  the  latter  at  the  bottom  of  a  stair, 
showing  the  veneering  and  blocking  to  the  curve. 


Fig.  864. 


Occasionally,  in  best  work,  the  strings  are  cut  and  mitred.,  which  is 
another  name  for  the  open  string;  and,  at  the  same  time,  gives  a  clue 
to  the  class  of  treatment  to  which  the  string  is  subject. 


Fi^  855 


The  string  (that  is,  the  outer  string)  is  cut  out  to  the  shape  of  the  steps 
(fig.  854),  the  ends  of  the  treads  are  rounded,  and  the  small  moulding  is 
returned,  as  fig.  855,  oftentimes  with  a  small  thin  cut  bracket  underneath 
as  a  finish. 
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The  mitring  part,  as  the  term  "cut  and  mitred"  implies,  comes  in 
with  the  risers,  which  are  mitred  to  the  string,  as  fig.  856. 

This  kind  of  string  is  used  chiefly  in  open-newel  and  geometrical  stairs. 

Sometimes,  in  wooden  stairs  as  well  as  stone,  solid  spandril  steps  are 
used,  being  housed  into  the  strings  as  usual,  but  dispensing  with  gluings, , 
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blockings,  and  other  framings  underneath.     The  tread  is  a  loose  thin  slab 
of  hardwood,  nailed  on  to  the  top  of  the  solid  step,  as  fig.  857. 

In  ordinary  stairs  the  treads  are  from  i  to  i|  inches  thick;  risers,  g  to 
1 1  inches  ;  strings,  i^  and  2  inches  ;  balusters,  i^  to  2  inches  square;  and 
newels,  4  or  5  inches  square ;  and  the  other  dimensions,  of  course,  vary 
according  to  the  circumstances,  etc. 


CHAPTER  XX. 
SKYLIGHTS  AND  LANTERNS. 

Skylights — Lanterns  on  Roofs  and  Flats — Louvres— Ceiling  Lights. 

Both  of  these  classes  of  framing  are  used  for  the  purpose  of  light,  either 
fixed  in  the  roofs,  flats,  etc.,  or  forming  a  roof  in  themselves.  Their 
object  is  to  give  light  from  above,  where,  from  various  causes  and 
circumstances,  the  enclosing  walls  cannot  be  used  to  supply  that  want. 


Skylights. — A  skylight  is  the  smaller  of  the  two,  and  is  generally  flat 
in  form,  and  inclined  with  the  pitch  of  the  roof ;  whereas  a  lantern  has 
vertical  or  only  slightly  inclined  sides,  which  are  often  framed  with  case- 
ments made  to  open,  in  order  to  give  ventilation  in  addition  to  light,  the 
whole  being  covered  by  a  slated,  tiled,  or  glass  roof 

Fig.  858  represents  a  skylight  in  section,  fig.  859  the  elevation  in  a 
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slated  roof;  but  only  the  woodwork  will  be  dealt  with  in  this  chapter,  no] 
notice  being  taken  of  tiling,  slating,  or  leadwork.  The  student  ought  to  be| 
well  acquainted  therewith,  as  they  have  been  explained  in  previous  chapters. 

The  roof  rafters,  etc.,  are  first  of  all  trimmed  to  suit  the  size  of  the 
skylight  required,  and  a  curb  is  framed  together  and  wedged  up  within 
that  space.  The  angles  of  the  curb  are  either  grooved  and  tongued,  or 
dovetailed  together ;  and,  in  a  slated  roof,  the  curb  should  be  9  inches 
deep,  to  allow  of  a  gutter  behind  it  at  the  top  part,  as  in  fig.  858. 

In  a  tiled  roof,  however,  the  curb  should  be   11    inches  deep,  the 


increased  depth  being  necessitated  by  the  extra  thickness  of  tiles  as  com- 
pared with  slates.  The  tiles  at  the  eaves  of  the  gutter,  which  is  at  the  top 
of  the  skylight,  with  a  9-inch  curb  and  ordinary  rafters,  etc.,  would  almost 
touch  the  bottom  of  the  toprail  of  the  skylight,  and  would  not  allow  ofl 
a  sufficiently  large  gutter,  especially  for  snow,  hence  the  necessity  for 
II  inches. 

The  9  and  ii-inch  curbs  are  measured  from  the  underside  of  the 
rafters,  and  if  these  are  of  more  than  the  ordinary  depth  of  common 
rafters,  the  depth  of  the  curb  has  to  be  increased  accordingly,  but  the 
above  are  the  usual  sizes — t.e.y  9  and  11  inches  deep  by  i|  or  2  inches 
wide. 
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The  top  of  the  curb  is  tongued,  to  fit  a  groove  around  the  underside 
of  the  skylight,  which  is  a  framing  of  styles  and  rails,  with  bars  for  the 


glass,  running  in  the  direction  of  the  roof,  and  framed  into  the  top  and 
bottom  rail,  as  will  be  gathered  from  fig.  859. 
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Fig.  860  is  an  enlarged  detail  of  the  top  and  bottom  of  fig.  858,  from  which 
it  will  be  seen  that  the  bottom  rail  is  not  as  thick  as  the  top  one,  being  |  of 
an  inch,  or  the  depth  of  the  rebate,  less.  This  is  done  in  order  to  allow 
the  glass  to  run  down  over  it  and  project  over  the  bottom  edge  of  the 
bottom  rail,  so  as  to  throw  the  rain-water  off.  Otherwise,  if  the  bottom 
rail  were  to  be  made  of  the  same  thickness  as  the  toprail,  a  gutter  would 
be  formed,  and  the  rain  would  soak  through  the  putty  and  drop  inside ; 
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and  in  snowy  weather  it  would  form  an  excellent  lodgment  for  the  snow, 
as  shown  on  fig.  861. 

The  styles  are  as  fig.  862  in  section,  and  the  rails  are  tenoned  and. 
wedged  into  them  at  the  angles. 

The  bars  (fig.  863),  which  are  fixed  about  12  to  15  inches  apart,  are, 


Fig  863 


of  course,  of  the  same  moulding  as  the  styles  and  rail,  and  of  the  same 
depth  as  the  styles  and  toprails,  but  i|  inch  wide,  and  framed  at  each  end 
into  the  top  and  bottom  rails. 

The  bars  may  be  moulded  to  any  section,  chamfered,  or  square  ;  and 
in  best  work  they  are  checked  out  a  second  time,  and  grooved  underneath 
the  glass,  as  fig.  864,  to  allow  the  condensation  which  collects  on  the 
underside  of  the  glass  to  run  down  the  bars  and  out. 

Skylights  can  be  either  fixed  or  hung ;  and  in  the  latter  case  they  are 
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hinged  by  butts  at  the  top,  and  opened  at  the  bottom  upwards  by  a  patent 
lifting  apparatus  (fig.  865). 

The  glass  of  the  skylight  is  kept  in  position  by  light  narrow  copper 


FJg.666 
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^;lips  screwed  to  the  rails,  underneath  the  glass,  which  they  clasp  at  the 
lx)ttom  as  in  fig.  866. 

The  glass  ought,  if  possible,  to  be  in  one  length  ;  but  when  that  is  not 
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possible,  these  clips,  with  another  bend  in  them,  are  also  used  to  keep 
the  top  pane  (which  laps  over  the  others)  in  position,  as  fig.  867. 

In  common  and  very  large  fixed  skylights,  over  sheds,  etc.,  no  curbs 
are  used ;  but  a  head  and  sill  to  the  required  section  are  fixed  to  the  ends 
of  rafters  longitudinally,  the  styles  being  framed  into  them  at  the  ends, 


and  the  bars  stumped  into  the  head  at  the  top,  and  notched  into  the  sill 
at  the  bottom,  as  fig.  868,  which  illustrates  such  a  skylight  in  any  position 
intermediate  between  the  ridge  and  the  eaves. 

Fig.  869  shows  a  similar  skylight,  placed  close  up  to  the  ridge  itself, 
which  also  may  be  differently  treated,  as  shown  in  the  enlarged  section 
(fig.  870). 


i 


Lanterns. — Lanterns  are  generally  formed  at  the  apex  of  a  roof,  as 
fig.  871,  or  on  a  flat,  as  fig.  872;  their  roofs  having  either  gable  ends, 
as  fig.  873,  or  being  hipped,  as  fig.  875. 

The  top  or  roof  part  of  the  lantern  (figs.  871  and  872)  is  precisely 
similar  to  an  ordinary  skylight,  consisting  of  bars,  styles,  sills,  and  heads 
framed  together ;  the  heads  of  the  two  sides  meeting  at  the  apex,  against 
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ridge  pieces,  as  fig.  873A,  the  section  at  the  sill  being  as  fig.  874,  which 
also  shows  the  upright  framing  of  a  lantern  on  a  roof. 


XtV,  ' 


Elevabicw. 
Fig.  87 6. 


Section  ti  Scale. 

The  hipped  roof  (fig.  875)  is  built  up  of  bar  rafters,  hip  and  jack  bar 
afters,  framed  into  the  head  at  the  ridge,  and  at  the  sill  they  are  treated 
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as  fig.  875 A,  which  otherwise  represents  a  lantern  on  a  flat   i^ide  also 

fig.  872). 

The  side  framing  consists  of  four  angle  posts,  framed  into  head  and 
sill,  with  intermediate  mullions,  the  whole  rebated  out  for,  and  filled   in 


Section 


with  moulded  casements,  either  fixed  or  hung,  according  to  requirements, 
"le  casements  being  sometimes  hung  on  centres,  or  pivoted,  as  herein- 
before explained.      It  is  needless  to  give  details  of   these  angle  posts, 

rnuUions,  and  casements.     The  student  will  be  able  to  form  his  own  details 
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from  the  illustrations,  etc.,  already  given  in  the  chapter  on  solid  frames 
and  casements. 


Fig.  87  6. 


Elevation 
Fig.  6  77. 


In  lanterns  for  common  shed  roofs  the  side  framing  is  often  filled  in 
with  louvres  instead  of  casements,  to  give  egress  to  the  hot  air  or  steam 
as  shown  in  fig.  876. 


Ft  g.  878 
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The  ends  of  the  louvres  are  housed  into  the  posts  or  mullions,  as 
fig.  877.^ 

Ceiling  Lights  are  often  used,  in  connection  with  fixed  skylights,  to 
bring  the  light  into  the  rooms,  and  still  have  a  flat  ceiling.  The  ceiling 
rafters  are  trimmed,  and  a  curb  is  wedged  inside  it,  rebated  out  at  the  top 
for  the  casement,  which  is  of  the  ordinary  section  and  class  {vide  fig.  878). 
The  bars  may  sometimes  be  constructed  and  arranged  to  some  geometrical 
or  ornamental  designs,  as  figs.  879,  880. 


CHAPTER  XXI. 
PLASTERING,  PAINTING,  AND   GLAZING. 

Plaster  Work  Materials — Plaster  Work  Processes — External  Work — Ornamental  Work — 
Glass  and  Glazing — Patent  Glazing. 

Plaster  Work  Materials. — Plastering  consists  in  covering  with  a 
smooth  surface  all  rough  walls,  ceilings,  partitions,  etc.,  in  the  superior 
apartments  of  dwellings,  etc.,  where  a  more  finished,  better-looking,  and 
more  sanitary  effect  is  required.  This  result  is  obtained  by  the  use  of 
various  materials,  including  several  patents,  as  will  be  pointed  out  in  the 
following  remarks  on  the  materials  themselves  and  their  application. 

The  lime  used  by  the  plasterer  is  the  pure  lime,  containing  only 
carbonate  of  lime,  and  is  sometimes  called  a  fat  lime.  It  has  neither 
great  power  of  setting  nor  ultimate  strength,  is  of  a  white  colour,  and 
slakes  very  freely ;  and  immediately  the  water  is  poured  on  it  a  great 
volume  of  steam  will  arise,  and  the  lime  will  begin  to  crack  very  loudly, 
if  it  is  of  the  best  kind  for  plastering. 

Such  lime  is  found  at  Crich,  Buxton,  and  Dorking,  being  the  product 
I  of  burning  either  marble,  white  chalk,  or  the  Bath  and  Portland  oolites  of 
I  various  places.  By  the  slaking  process  pure  lime  will  increase  in  bulk  to 
three  times  its  original  cubical  contents.  When  the  slaking  is  completed 
the  lime  and  water  are  run  through  sieves,  to  collect  and  screen  out  the 
hard  unslaked  lumps  or  residue,  which  would  be  a  source  of  danger  in  the 
finished  work.  The  creamy  mixture  of  slaked  lime  and  water  is  called 
fruity,  and  in  this  state,  to  ensure  perfect  slaking,  some  limes  should  be 
-pt  for  a  period  of  one  or  two  months  before  being  used. 

The  sand  used  for  plastering  must  be  clean  and  sharp,  free  from  all 

arthy  or  vegetable  matter,  and  washed,  if  necessary,  to  eliminate  all  these 

impurities.     Pit  sand  is  far  preferable  to  that  taken  from  large  river  beds, 

where  the  sand  is  continually  kept  in  motion  by  the  currents,  so  that  the 

particles  or  grains  are  rounded,  which  takes  away  their  sharpness. 

Plaster -of -Paris  ^  used    for   gauged  stuff,  is    calcined  gypsum,    which> 
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after  being  mixed  with  water  to  a  paste,  sets  quickly  and  with  a  smooth 
Hardened  white  surface. 

Portland  cement^  which  will  be  dealt  with  more  fully  in  Chapter  XXIIL, 
is  chiefly  used  for  outside  work,  the  lighter  (in  weight)  and  quicker-setting 
qualities  being  the  most  suitable  for  this  purpose. 

Keene's  cement  is  Plaster-of- Paris,  saturated  with  alum^  and  is  chiefly 
used  for  angles,  pilasters,  and  the  more  ornamental  parts  of  plastering,  for 
internal  use  only. 

Parian  cement  is  a  finer-working  substance,  used  for  large  surfaces  of  a 
better  class  in  internal  plastering,  the  walls  generally  being  first  backed  up 
or  rendered  over  with  Portland  cement  and  sand,  in  preparation  for  the 
Parian,  which  is  really  Plaster-of-Paris  recalcined,  with  borax  added. 

Martin's  cement  is  similar  to  the  last  in  preparation,  pearl  ash  being 
used  instead  of  borax,  which  produces  a  "  fatter "  cement,  forming  (like 
Keene's)  a  better  "  arris." 

There  are  several  other  kinds  of  cement  of  these  classes,  but  they  are 
so  seldom  used  in  ordinary  work  that  it  is  unnecessary  to  describe 
them. 

The  laths  used  for  plaster  work  (fig.  88 1)  are  thin  strips  of  wood, 
about  I  inch  broad  and  up  to  4  feet  long,  rent  or  sawn  out  of  good  fir 
or  oak  ;  and  the  diff'erent  thicknesses  are  classified  as  below : — 
Single  lath       are  about  ^  of  an  inch  thick. 
Lath-and-half  „        i      »         »        » 

Double  lath  „         |      „         „        „ 

Plaster  Work  Processes. — Brick  and  stone  walls  are— as  it  is 
termed — covered  by  "two"  or  "three"  coat  work,  consisting  of  a 
rendering  or  pricking  up  coat,  a  floating  and  a  setting  coat. 

The  first  consists  in  covering  the  walls  roughly  with  the  patent  materials 
specified,  or  with  the  coarse  stuff  (otherwise  called  "  hair  mortar ")  in 
common  and  ordinary  work,  consisting  of  the  properly  slaked  fat  lime, 
mixed  wet  with  about  three  parts  of  good,  clean,  sharp,  washed  sand,  and  a 
proportion  of  good  well-beaten  cow-hair.  This  mixture  is  then  applied  to 
the  walls,  to  the  thickness  of  about  \  an  inch,  or  as  may  be  required  to 
make  the  wall  surface  perfectly  plumb  and  level.  So  soon  as  the  coat 
begins  to  dry  it  is  scored  over  or  scratched  to  give  the  next  or  floating 
coat  a  key  or  means  of  attachment. 

When  this  first — rendering  or  pricking-up — coat  has  become  dry,  the 
second  or  floating  coat  is  applied  on  it  to  a  certain  thickness,  of  from 
g  to  5  of  an  inch.  This  coat  consists  of  a  better  and  stronger  mixture  of 
the  same  materials  as  the  first,  but  with  less  hair,  called  "  fine  stuff."  The 
surface  of  this  coat  is  made  truly  even  in  every  way  following  on  the  last 
by  means  of  perfectly  plumb,  vertical,  and  horizontal  screeds^  laid  on  the 
walls  to  the  required  thicknesses,  and  about  6  inches  wide,  at  the  angles, 
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ceiling,  and  skirting,  and  intermediately,  as  the  straight  edges,  with  which 
the  spaces  between  are  regulated,  require. 

This  second  coat  is  left  rough  from  the  floaty  as  the  tool  used  is 
called;  and  when  it  becomes  dry  the  third  or  setting  coat  is  applied, 
consisting  of  a  very  thin  film  of  fine  stuff,— i.e,^  "  putty,"  or  slaked  lime, 
with  a  very  small  admixture  of  sand,  made  to  about  the  consistency  of 
good  cream.  This  is  applied  and  worked  up  to  a  perfectly  smooth  and 
level  fare,  which  sets  quite  hard ;  after  which  it  is  left  to  dry,  and  the 
work  is  complete. 

When  a  wall  is  intended  to  be  painted  it  is  finished  with  a  trowelled 
face  (for  which  purpose  various  other  special  plasters  are  sometimes  used, 
to  give  it  a  better  hardened  face),  the  workman  using  a  steel  "  trowel "  for 
this  purpose,  instead  of  the  wooden  one,  called  a  "  float." 


681. 


Two-coat  work  consists   of  an   amalgamation   of  the  first  two  coats, 
finished  off  with  the  setting  coat. 

Walls  are  sometimes  battened',  that  is  to  say,  thin  battens  are  fixed 
to  plugs,  vertically  up  the  walls  at  about  i6  inches,  centre  to  centre, 
I  to  receive  the  lath-work  (fig.  88 1),  as  will  be  explained  for  partitions  and 
'  ceilings.  This  "  battening  "  is  used  for  damp  walls ;  but,  while  it  gives  a 
;  free  circulation  of  air  behind  the  plastering,  it  brings  with  it  a  greater  evil, 
i   inasmuch  as,  besides  being  subject  to  decay,  it  forms  a  harbour  for  all 

J  I  kinds  of  vermin ;  and  rooms  with  battened  walls  are  made  quite  lively  by 
Ae  noise  of  mice  and  other  such  creatures.  For  the  same  reasons  walls 
behind  skirtings,  etc.,  should  be  rendered  up.  In  elevation,  lathwork  on 
battens  looks  exactly  like  lathwork  on  partitions  or  ceilings  ;  the  only 
iifference  appearing  in  the  plans  or  sections,  which  in  this  instance  are 
represented  by  fig.  883. 

Counter-lathing  or  brandering  is  similar  to  the  above,   and  consists  of 

rdinary  laths  laid  about  16  inches  apart  on  wood  hntels,  etc.,  to  throw  out 

le  laths  so  as  to  allow  of  a  key  for  the  plaster  work  laid  on  them,  over 

'>ors   and   windows   and   other   openings   spanned  by   wood,    to   which 

ordinary  plastering  will  not  adhere. 
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Ceilings  and  partitions^  battenings  and  counterlathi?tg  are  treated  as 
fig.  88i,  fig.  882  being  a  plan  of  the  partition;  and  the  work  is  specified, 
for  two-coat  work  as  lath,  plaster,  and  set,  or  lath,  float,  and  set,  and 
for  three-coat  work  as  lath,  plaster,  float,  and  set,  consisting  of  the  same 
proceedings  in  laying  on  the  material  as  for  walls,  with  the  "  addition  "  of 
the  "  lathwork,"  which  means  the  covering  of  the  surfaces  with  laths  of 
various  thickness  (as  previously  described)  nailed  to  the  framing  at  about 
16  inches  from  centre  to  centre ;  the  laths  being  parallel  to  one  another, 
and  about  §  of  an  inch  apart,  to  allow  of  a  key  to  the  pricking-up  or  first 
coat  of  the  plastering,  which  is  pressed  on  to  the  lath  and  through  the 


Fig.  882. 

crevices  to  form  a  key.  The  laths  are  in  various  lengths  up  to  4  feet  to 
suit  the  spaces  of  the  wood  framing;  and  where  a  joint  is  necessary  it 
should  not  be  perfectly  vertical  up  the  wall  on  the  same  piece  of  wood, 
but  they  should  break  joint  every  half-dozen  laths,  and  so  on,  as  fig.  881. 
**  Lath  and  half"  are  the  best  to  use  for  ordinary  work. 

This  lathing  being  done,  the  plastering  is  laid  on  exactly  the  same  as 
on  the  walls,  but  it  should  be  pointed  out  that  the  first  coat  takes  much 
longer  to  dry,  having  no  absorption  to  assist  the  drying  process  on  laths, 
as  is  the  case  on  walls. 
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All  external  angles  should  be  roughed  up  either  in  Portland  or  Keene's 
cement,  to  make  a  good  hard  finish,  as  ordinary  "  hair-mortar "  and 
"  putty  "  have  no  strength  for  such  positions ;  or  "  wood  angle-beads  " 
should  be  fixed  to  plugs  in  the  joint,  up  the  angle,  and  the  plastering 
quirked  up  to  it,  as  explained  under  "Joinery"  (Chapter  XVI.). 

When  requisite,  the  plastering  to  walls,  ceilings,  partitions,  etc.,  as 
above,  can  be  made  to  dry  quicker  by  the  addition  of  a  proportion  (about 
one-fifth)  of  "  plaster-of- Paris  "  to  the  ordinary  mixtures  for  the  various 
coats ;  and  this  is  called  gauged  work.  The  proportion  of  plaster 
regulates  the  time  of  setting ;  but  it  is  unadvisable  to  hurry  the  work  of 
plastering,  and  certainly  not  by  "  gauging,"  which  is  apt  in  time  to  cause 
the  whole  surface  to  crack,  almost  like  a  spider's  web. 
4 
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Selenetic  litne  is  a  mixture  of  hydraulic  lime  and  plaster-of-Paris,  often 
used  for  ordinary  plastering;  its  advantages  being  that  it  is  quicker  in 
setting  between  the  coats,  and  will  take  more  sand,  which  renders  the 
mixture  cheaper ;  but  it  should  be  mixed  according  to  special  instructions 
from  the  manufacturers. 

Robinson's  Patent  Paragon  Cement  (made  near  Whitehaven),  Adamant, 
and  Adamantine  are  all  patent  mixtures  for  plastering,  invented  and 
introduced  for  the  purpose  of  saving  time  in  the  drying  of  ordinary 
plaster,  and  with  other  advantages,  such  as  a  better  and  harder-finished 
surface,  and  the  properties  of  being  fireproof,  and  so  adhesive  and  co- 
hesive as  to  obviate  cracked  ceilings  and  the  like  objectionable  but 
unavoidable  results.  They  are  said  to  be  as  cheap  as  the  ordinary 
plastering,  though  this  has  to  be  proved,  as  a  general  thing  instead  of  an 
exception ;  but  the  advantages  conferred  should  be  worth  the  extra  cost. 
A  very  superior  and  economical  covering  to  internal  walls  is  to  float  them 
in  Portland  cement  and  sand,  and  finish  white  with  *'  Albino,"  the  best 
quality  of  Adamantine. 

External  Work. — External  walls  are  coated  in  a  similar  manner  to 
the  internal  walls,  as  already  explained,  with  the  exception  that  Portland 
cement  is  used  instead  of  "fat"  lime,  which  will  not  withstand  the 
weather ;  and  they  may  be  finished  off  in  different  manners,  the  chief  of 
which  are  here  given. 

Rough-cast  has  a  rough  face,  made  by  the  last  coat  consisting  of  coarse 
grit. 

Ashlar  is  the  lining  up  of  walls,  so  as  to  divide  the  face  into  rectangles, 
similar  to  ashlar  or  other  stone  facing. 

Stucco  is  a  general  term,  used  for  the  rough  mixtures,  whether  with 
cement  or  lime,  cement -covered  external  walls  being  often  said  to  be 
"  stuccoed  " ;  while  "  trowelled  stucco "  for  internal  work  is  a  smooth 
face,  worked  with  fine  stuff  without  hair,  in  ordinary  plaster ;  and  "  bastard 
stucco  "  contains  hair. 

Depeter  has  a  more  roughened  face  than  rough-cast  in  external  cement 
plastering ;  the  effect  being  obtained  by  small  pebbles,  which  are  pressed 
in  while  it  is  setting. 

Depreter  is  a  finish  to  the  same  cementing,  made  to  imitate  tooled 
stone. 

Scagliola  is  an  imitation  of  marble,  in  pilasters,  etc. 

Ornamental  Work. — Cornices^  and  other  ornamental  mouldings,  used 
to  break  the  angles  of  apartments,  etc.,  are  "  run  "  in  plaster  by  means  of 
"  horsed  mouldings,"  running  on  a  wood  ground  fixed  on  the  wall,  truly 
horizontal,  the  required   depth   of  the   cornice.     Ordinary  cornices  are 

I  backed  or  roughed  up  with  a  stronger  mixture  of  coarse  stuff,  to  make 
it  set  quicker ;  and  when  this  has  been  worked  to  the  right  contour  it  is 
■ 
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finished  off  with  plaster-of-Paris,  which  gives  it  a  hardened  white  face, 
with  good  arrises,  where  required.  When  moulded  cornices  are  too  big 
to  allow  of  this  backing  up  being  well  and  properly  done  in  rough  stuff, 
they  are  scotch-bracketed,  as  fig.  884,  which  consists  of  laths  cut  to  lengths 


and  fixed  from  wall  to  ceiling,  to  take  off  the  triangular  space  shown,  and 
fill  up  the  angle  to  save  material. 

As  the  cornices  increase  in  size  beyond  this,  it  becomes  necessary  to 
use  wood  bracketing,  which  consists  of  wood  brackets,  roughly  cut  to  the 


■^^^//////y^.m'.' 


Fig.ee  6, 


required  shape,  and  fixed,  16  inches  apart,  to  the  ceiling  joists  and  wall, 
and  on  these  the  laths  are  nailed  longitudinally  for  the  plastering,  as 
shown  in  fig.  885  ;  though  sometimes  the  brackets  are  so  large  that  they 
have  to  be  built  up  in  parts  and  framed  together,  as  fig.  886. 
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Enrichments  in  plaster  are  cast  in  moulds  made  in  beeswax,  modelled 
to  the  required  design. 

Papier  Mache  or  Carton  pierre,  as  the  name  implies,  is  a  paper  com- 
position formed  into  the  required  moulds  and  ornaments. 

Fibrous  plaster  is  a  patent,  now  very  much  used,  consisting  of  slabs  of 
various  sizes,  fixed  with  zinc  nails  to  the  woodwork,  and  covered  over  with 
a  setting  coat  about  \  of  an  inch  thick.  Of  this  appliance,  "  Hitchin's," 
"  Jackson's,"  and  "  Wilkinson's  "  are  the  best-known  qualities. 

Plaster  work  is  often  painted,  or  treated  by  the  following  processes  : — 

White7vashing  or  liniewhiting  consists  of  two  coats  of  "  fat "  lime  slaked 
to  a  white  liquid,  and  applied  with  a  large  brush ;  it  is  only  used  in 
common  work,  and  for  sanitary  purposes. 

Wkitenifig  is  a  mixture  of  size  and  whitening,  applied  in  two  coats  to 
internal  work  only,  such  as  ceilings  and  walls ;  and  when  any  colouring 
matter  is  added  it  is  called  "distempering,"  the  surface  being  first 
clearcoled  or  daircolled — />.,  covered  with  a  solution  of  glue  and  alum, 
which  fastens  the  colour,  as  it  were. 

Colourings  applied  to  both  external  and  internal  work,  consists  of 
ordinary  whitewash,  mixed  with  different  colouring  matters.  "  Duresco  " 
is  a  patent  washable  covering  of  this  class. 

Painting. — Painting  is  the  covering  of  wood,  iron,  plaster,  or  other 
materials,  either  for  the  purpose  of  protecting  them  or  for  ornament. 

The  ingredients  employed  in  the  various  mixtures  used  for  the  different 
kinds  and  coats  of  painting  include  the  following  materials  : — 

White  leads  called  a  "  base  "  in  painting  work,  is  a  carbonate  of  lead 
formed  by  combining  carbonate  fumes  with  the  pure  lead,  by  the  process 
of  corrosion  with  acetic  acid,  the  resulting  residue  being  a  white  powder, 
which  is  either  sold  in  that  condition,  or,  more  generally,  when  ground  in 
linseed  oil  to  a  pasty  consistency. 

Red  lead  is  made  from  oxide  of  lead,  and  can  be  either  procured  dry  or 
in  oil,  like  white  lead.  It  is  used  as  a  drier,  for  painting  iron,  or  for  the 
first  coat,  called  "priming,"  on  woodwork. 

White  lead  is  more  used  than  red  lead,  being  more  easily  converted 
into  various  colours ;  while  it  is  very  dense,  an-d  forms  a  strong  permanent 
covering  or  protection,  being  of  a  good  "body  "  as  it  is  called. 

Oil  and  turpentine  are  called  "  vehicles  "  in  paint,  because  they  (figur- 
atively speaking)  "  convey  "  the  lead  on  to  the  surfaces  to  be  covered. 

Linseed  oil,  of  a  drying  kind,  is  used  very  greatly  in  the  mixing  up  of 
paints,  it  having  the  property  of  being  ductile,  while  it  will  also  dry  well 
and  form  a  good  coating. 

Turpentine  is  really  an  oil  extracted  from  the  pine  tree,  and  used  to 
make  paint  work  more  easily,  and  for  flatting  coats  internally,  it  having 
a  dull  effect,  in  comparison  with  the  linseed  oil. 
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Driers,  whether  in  the  form  of  Litharge,  commonly  called  oxide  of 
lead,  or  "  patent  driers,"  are  used  to  make  the  oil  set  all  the  quicker  in 
forming  a  coating. 

The  colouring  of  paint  is  done  by  the  addition  of  various  ochres  and 
vegetable  matters  of  different  colours  called  "  pigments." 

The  proportions  in  which  these  bases,  vehicles,  etc.,  are  mixed  may 
vary  according  to  circumstances,  and  the  coats  applied,  being  generally 
in  about  the  following  ratios: — 

First  coat  or  priming — 14  lbs.  white  lead,  i  lb.  red  lead,  6  pints  linseed 
oil  (raw  for  inside,  boiled  for  outside),  \  lb.  driers. 

Second  and  third  coats — 14  lbs.  white  lead,  3  or  4  pints  oil,  3  pints 
turpentine,  |  lb.  driers. 

Fourth  coat — 14  lbs.  white  lead,  2  pints  oil,  4  or  5  pints  turpentine, 
\  lb.  driers. 

Woodwork,  intended  to  be  painted,  comes  from  the  joiner's  shop, 
generally,  ready  smoothed  and  clean,  so  that  the  first  proceeding  is  to 
knot  it — i.e.,  to  cover  the  knots  over  with  size,  or  patent  knotting,  to 
kill  the  turpentine  in  them,  and  so  prevent  them  spoiling  the  finished 
work.  The  whole  surface  is  then  primed  with  red  lead  paint,  which 
satisfies  the  absorption  of  the  wood.  It  is  then  rubbed  down  with  pumice 
stone,  all  holes  are  filled  up  with  putty,  and  any  unevenness  obviated,  in 
preparation  for  the  second,  third,  and  fourth  coats,  each  coat  containing 
less  oil  and  more  turpentine  than  its  predecessor.  Good  work  should  be 
rubbed  down  between  each  coat,  which  gradually  approximates  to  the 
finished  colour  as  described,  and  the  final  coat  very  often,  from  its  tint, 
allows  of  little  lead  or  body  being  used. 

For  ordinary  new  work  the  words  of  the  specification  are : — "  Knot, 
stop,  prime,  and  paint  three  oils  or  coats  in  best  white  lead  paint " ;  the 
only  difference  between  inside  and  outside  work  being  that  "  boiled  oil  ^ 
should  be  used  for  all  parts  that  are  exposed  to  the  sun. 

Old  work  should  be  well  "  cleaned,  rubbed  down,  and  stopped  "  before 
the  coats  are  applied  in  the  ordinary  way. 

Varnishing  is  the  process  of  coating  plain  or  painted  work  with 
colourless  material  called  "  copal  varnish,"  a  mixture  of  resin  and  oil  or' 
turpentine,  which  forms  a  very  hard,  glossy,  and  durable  coating. 

Graining  is  an  additional  coat  of  paint  applied  on  the  ordinary  four- 
coat  work,  and  marked  or  scratched  over  to  imitate  the  grain  of  oak  and 
other  woods. 

Ironwork  should  be  painted  with  oxide  of  iron  paint,  as  the  lead  in  the 
ordinary  mixture  is  said  to  cause  an  injurious  galvanic  action  between  the 
two  metals. 

Glass  and  Glazing. — Glass  is  a  transparent  material,  used  for  giving 
light  through  openings,  while  excluding  the  elements.     It  is  a  mixture  of 
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white  sand,  soda,  and  chalk,  in  various  proportions,  melted  together  at 
a  very  high  temperature,  and  then  formed  into  the  various  kinds  required. 
These  include  "  crown,"  "  sheet,"  and  "  plate  "  glass. 

Sheet  glass,  the  most  useful  variety,  is  made  by  blowing  the  heated 
glass  into  cylinders,  which  have  their  ends  cut  off  and  periphery  split  down, 
so  that  the  glass  can  be  flattened  out  in  a  kiln,  under  the  action  of  heat, 
applied  to  open  it  out,  after  which  it  is  allowed  gradually  to  cool.  The 
various  kinds  of  sheet  glass  are  distinguished  by  their  weight  per  foot, 
super.,  as  16  oz.,  21  oz.,  26  oz.,  and  32  oz. 

Plate  glass  is,  of  course,  a  superior  kind,  made  of  thicknesses  varying 
from  J  inch  to  i  inch,  by  which  thicknesses  it  is  described  and  distin- 
guished. In  the  process  of  its  manufacture  the  glass,  when  at  a  white  heat, 
is  placed  on  a  table  and  rolled  to  the  required  thickness  ;  after  which  it  is 
polished  over  or  left  as  rough-cast.  Its  advantages  over  "sheet  glass" 
are  that  it  is  much  stronger  and  less  affected  by  atmospheric  influences, 
while  it  cannot  be  cut  noiselessly  with  the  diamond — which  renders  it  an 
enemy  of  burglars. 
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887. 
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Rough-cast — the  resulting  material  without  the  polishing — has  a  rather 
wavy  appearance,  but  is  otherwise  as  strong  and  advantageous  as  the 
polished  plate. 

British  polished  plate  glass  is  even  superior  to  the  ordinary  "  polished 
plate,"  though  of  the  same  material ;  its  superiority  being  the  result  of 
grinding  the  surfaces  down  truly  before  polishing. 

Hartley's  rough  rolled  plate  is  of  similar  composition  to  the  "  plate," 
but  it  is  rolled  on  a  patent  ribbed  table,  which  gives  it  the  advantage  of 
admitting  light  without  scorching,  glare,  or  diminished  transparency. 

There  are  numerous  other  varieties  of  glass,  chiefly  made  out  of  the 
different  manufactured  products  above  explained,  and  rendered  different 
by  the  labour  and  colouring  matters  expended  on  them  and  used  there- 
with. 

Glass  is  cut  into  squares  or  panes  of  the  required  size,  and  secured  by 
means  of  putty  (a  stiff,  pasty  substance  of  whiting  and  oil)  into  the  wood 
or  iron  rebates,  as  fig.  887,  which  shows  the  glass  puttied  and  back- 
puttied,  as  at  X ;  or  it  is  secured  and  bedded  in  washleather,  by  means  of 
wood  fillets  or  beads,  as  fig.  888. 
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As  the  putty  used  in  glazing  cannot  be  made  of  a  suitable  lasting 
material,  but  is  perishable,  the  necessity  has  arisen  of  late  years  of  employing 
other  means  of  securing  the  glass  to  the  framing,  especially  in  skylights  and 
other  exposed  flat  or  sloping  surfaces. 

A  simple  method  of  attaining  this  object  is  to  secure  it  by  sprigs  driven 
into  the  woodwork  at  the  bottom  of  the  sheet  and  at  the  sides,  as  fig.  889, 


Fig  889 

in  addition  to  which,  if  the  glass  is  cut  circularly  on  the  bottom  edge,  all 
water  will  be  collected,  and  will  run  down  the  centre  of  the  light  clear  of  the 
putty  and  bars,  as  shown  by  dotted  lines. 

Patent  Glazing. — Among  the  many  patented  methods  of  accomplish- 
ing this  result,  now  in  vogue,  may  be  mentioned  the  following : — 


fig. 890. 
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The  British  Patent  Glazing  Company's  Patent,  consisting  of  steel  bars 
and  sheet  lead,  as  illustrated  by  fig.  890,  from  which  it  will  be  seen  that  no 
water  can  enter  and  drop  through  their  system,  as  any  water  penetrating 
between  the  bars  and  the  lead  is  collected  in  the  groove  of  the  bar. 

Messrs.  Braby's  Patent,  consisting  of  wooden  bars  of  any  size  and; 
design,  and  zinc,  etc.,  is  illustrated  in  section  by  fig.  891. 

Messrs.  Grover's  Simplex  is  shown  in  figs.  892  and  893,  from  which  it^ 
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will  be  seen  that  their  method  consists  of  a  patent  lead  strip,  as  fig.  892, 
fixed  to  wood  bars  and  turned  down  on  the  glass,  as  fig.  893. 
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Fig  633. 


Fig.  89^ 
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fig  696. 


Fig.897 


The  Pennycook  Patent  is  illustrated  by  figs.  894,  895,  and  896,  fi-om 
which  it  will  be  seen  that  this  system  can  be  adapted  to  iron,  wood,  or 
metal  bars. 
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Helli well's  Patent  consists  of  metal  bars  and  capping,  as  fig.  897,  and 
Rendell's  of  similar  materials,  as  fig.  898  in  section. 

There  are  many  other  similar  patents,  including  that  of  Messrs.  Mellowes 
(of  Sheffield),  which  is  extensively  used  throughout  the  country,  though 
those  above  illustrated  are  quite  as  good  and  effective. 


Fi^  698 


Duroline  is  a  substitute  for  glass  in  positions  where  glass  would  soon 
be  broken.  It  consists  of  thin  wire-woven  work,  covered  over  by  a 
transparent  thin  substance  of  different  tints.  It  is  fixed  on  rafters  by  zinc 
nails,  and  lapped  at  the  joints. 


CHAPTER   XXIL 

CENTRING,   FOUNDATIONS,    SHORING,    SCAFFOLDING, 

SEWERS. 

Centring — Foundations — Different  Soils — Sewers — Shoring  and  Strutting — Scaffolding — 
Hoisting  Tackle — Underpinning. 

Centring. — Centres  are  framed  structures  for  temporary  purposes, 
used  in  throwing  arches  over  apertures,  etc.  They  have  their  top  shaped 
to  the  required  curve  of  the  arch,  are  made  specially  for  the  dimensions 
of  the  opening,  and  act  as  a  support  to  the  constituent  parts  of  the  arch 
during  construction,  and  until  each  member  has  taken  its  proper  bearing, 
and  the  whole  has  become  one  solid  mass. 
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For    small    arches,    and   only    4I    inches    deep    on   soffit,   a    wood 

turning-piece    is    used — i.e.,    a    strong   piece    of  wood    about    3    inches 

wide  is  cut  to  the  required  curve  of  the  arch,  and  fixed  just  below  the 

pringing,  generally  by  means  of  bricks  held  up  by  nails  driven  into  the 

J  oints  of  the  reveals,  as  fig.  899. 

For  openings  of  a  larger  size  the  centres  are  formed  of  two  outside 

ieces,  cut  to   curve,   and  with   small   pieces   called   laggings   nailed  at 

right  angles  to  their  faces  across  the  top,  as  fig.  900,  while  the  bottom  is 
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secured  in  a  similar  manner,  the  whole  being  frequently  fixed  by  bricks  in 
precisely  the  same  manner  as  last  explained,  though  when  of  larger  sizes 
they  are  horsed  zcj>  by  upright  supports  strutting  up,  as  it  were,  from  the 
5ills  or  other  flat  horizontal  surfaces  below,  as  shown  on  the  illustration. 


f/g.  300. 


The  centre  itself  is  raised  into  its  exact  position  by  means  of  two 
wedges  driven  together  and  placed  on  the  horizontal  piece  across  the 
support,  or  on  the  supports  themselves,  or  bricks  at  each  springing,  as  at 
XX  on  fig.  901.     For  rough  arches  these  laggings,  of  about  |  inch    x 


Section  on  /ine  A  B 


Fig  90[. 


J  inch  in  size,  are  spaced  at  about  their  own  width  apart ;  while  centres 
for  faced  work,  and  especially  for  rubbed  and  gauged  arches,  must  be 
close-lagged— ix.^  their  lagging  must  butt  up  to  each  other  and  the  arrises 
eased  off,  to  give  the  line  a  true  unbroken  curve. 

When  the  opening  is  so  wide  and  the  rise  so  high  that  the  curved  ribs 
(to  which  the  laggings  are  nailed)  cannot  be  cut  out  of  ordinary-sized  stuff, 
the  centres  have  to  be  built  up  by  lapping  and  nailing  two  thicknesses 
together  to  make  the  one  rib,  as  fig.  901. 
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Fig.  902  shows  the  centre  for  a  still  larger  arch,  built  up  and  framed, 
the  radii  and  cross  pieces  being  halved  or  dovetailed  together,  and  to  the 
ribs,  as  shown. 


F,g.902. 
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Fig.  903  is  a  sketch  of  a  framed  centre,  as  seen  from  a  point  of  view 
above  it. 

Foundations. — Foundations,  as  a  rule,  should  be  3  feet  below  the 
_.neral  surface  of  the  ground — i.e.^  the  trench  excavated  to  receive  the 
bottom  of  the  concrete,  or  brick  footing,  should  be  3  feet  deep,  especially 


clayey  ground,  which  is  liable  to  be  affected  by  both  heat  and  rain,  the 
rmer  in  particular  causing  it  to  crack  to  a  depth  even  exceeding  3  feet. 
f  course  it  will  be  understood  that  the  nature  of  the  ground  varies  enor- 
iously  in  different  parts  of  the  country,  sometimes  in  different  parts  of  the 
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same  town,  and  even,  in  some  cases,  in  different  streets  or  gardens, 
soils  differing  in  nature  often  being  closely  adjacent. 

A  good  foundation  should  be  in  solid  as  opposed  to  made-up  ground ; 
it  should  be  incompressible,  and  of  the  same  nature  throughout,  the  strata 
being  at  right  angles  to  the  weight  they  have  to  carry — i.e.^  horizontal 
instead  of  dipping  or  sloping.  When  punned  with  a  rammer  it  should 
sound  "solid,"  a  hollow  sound  indicating  an  inferior  nature  below; 
and  it  should  resist  the  pick  or  crossbar  well  when  driven  in,  without 
disintegration  of  the  surrounding  mass. 

All  foundations,  of  whatever  kind,  should  be  made  perfectly  level 
(except  where  they  are  stepped)  before  they  receive  the  concrete  or  footings, 
ground  of  a  stony  or  rocky  nature  being  levelled  with  the  pick,  and  the 
softer  kinds  well  rammed.  The  solid  ground  should  always  be  reached ; 
and  if  there  are  great  variations,  etc.,  arches  should  be  thrown  over  weak 
places,  when  at  a  great  depth,  from  piers  built  on  the  solid.  If  a  solid 
stratum  be  reached,  with  an  inferior  one  below,  it  is  unadvisable  to  go 
any  deeper,  if  that  solid  stratum  is  sufficiently  strong  to  carry  the  weight 
required. 

Where  the  nature  of  the  ground  will  not  allow  of  the  building  being 
built  on  it  with  safety,  concrete,  of  specified  and  adequate  depth  and 
strength,  is  employed  in  the  trench  to  assist  the  natural  ground  by  dis- 
tributing the  weight. 

Different  Soils. — In  dealing  with  the  following  different  kinds  of 
ground,  it  must  be  understood  that  the  remarks  are  made  in  a  general 
sense,  and  are  not  intended  to  lay  down  any  hard-and-fast  rule,  as  in  all 
cases  personal  inspection  of  the  site  is  absolutely  necessary  before  deciding 
on  any  points  with  regard  to  foundation  work. 

Solid  rock  in  foundations  cannot  be  bettered  when  it  is  sound  and 
alike  all  over,  so  that  it  would  be  ridiculous  to  take  it  out  merely  to  replace 
it  by  an  inferior  article  such  as  concrete.  However,  the  bottom  should 
be  made  truly  level;  or,  if  it  is  uneven  by  nature,  the  loose  inferior 
portions  should  be  taken  out,  and  those  places  arched  over  to  and  from 
the  solid,  or  concrete  should  be  put  in,  lapping  at  the  joints. 

Gravel  is  the  next  best  and  most  suitable  soil  for  a  sound  foundation ; 
and  where  it  is  sound  it  cannot  be  improved  upon,  though  when  it  is 
loose  and  coarse  it  should  be  grouted  with  lias  lime  or  cement-mortar 
of  required  strength,  according  to  circumstances,  or  otherwise  a  thin  bed 
of  concrete  may  be  put  in  the  trench  on  the  top  of  the  gravel. 

Foundations  of  loose  gravel,  however,  are  apt  to  slip,  and  consequently 
the  sides  must  be  shored  by  one  or  other  of  the  following  methods :  In 
tolerably  good  ground  polifig  boards,  in  size  about  9X2  inches  or  9  X  3 
inches,  are  placed  at  intervals,  in  pairs,  on  each  side  of  the  trench,  and 
strutted   apart  by  stout    members,  small    pieces  of   scaffold  poles,  from 
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4  to  6  inches  in  diameter  (as  fig.  904),  being  generally  sufficient  for  the 
purpose.  But  where  the  ground  is  looser  the  poling  boards  must  be 
placed  close  together,   perpendicularly,  with  walings,  which  are  placed 


3.  30^. 


horizontally  inside  them,  and  strutted  from  one  to  the  other,  at  intervals 
of  every  2  to  4  feet,  as  fig.  905  ;  the  poling  boards,  in  this  case,  varying 
from  li  to  3  inches  thick,  and  the  walings  being  usually  11x3  inches. 


Fig.  90  5 


I  In  running  sand  it  will  be  obvious  that  it  is  impossible  to  wait  until 
\  sufficient  depth  has  been  dug  out  to  allow  of  vertical  poling  boards  being 
piscd  without  the  sides  previously  slipping  in ;  wherefore  sheetings  as  shown 
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in  fig.  906,  is  used,  laid  longitudinally,  and  secured  by  poling  boards  and 
strutted,  as  in  the  first  instance  (fig.  904). 

Reverting  to  the  consideration  of  the  various  natural  grounds,  the  next 
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in  order  as  a  substantial  formation  is  a  good  hard,  sound  clay^  which  should 
lie  in  horizontal  strata,  as  a  dipping  clay  is  apt  to  slip  downwards  and  cause 
settlements.     It  is  necessary  that  clay  should  be  well  drained,  so  that  the 
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rain  shall  not  have  time  to  affect  it  so  much  as  to  cause  any  considerable 
alteration ;  and  the  bottom  of  the  concrete,  or  top  of  the  clay,  should  be 
at  such  a  depth  as  to  be  beyond  the  influence  of  heat,  as  it  is  well  known 
that  the  sun  is  very  apt  to  cause  deep  and  frequent  cracks  in  clayey  ground. 


CENTRING,  FOUNDATIONS,   SHORING,   SCAFFOLDING,   SEWERS.  35 1 

Excavations  in  hard  clays  do  not  always  require  shoring,  though  it  is 
advisable  to  adopt  that  precaution  in  the  case  of  the  weaker  kinds  of 
clay. 

Chalky  from  its  nature,  is  a  very  uncertain  foundation;  though  the 
harder  and  better  qualities  may  sometimes  be  as  good  as  rock,  while  the 
softer  kinds  are  always  very  bad,  and  liable  to  be  greatly  affected  by 
wet. 

Sand^  in  whatever  form,  and  especially  quicksand,  is  a  most  treacherous 
soil  for  foundations,  having  no  power  to  keep  itself  together,  as  it  were, 
so  that  it  must  not  be  taken  into  any  account.  The  best  course  is  to 
remove  it  by  excavation,  if  practicable,  and  replace  it  with  a  layer  of  con- 
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I  Cf€te.    Where  such  sand  and  other  boggy  and  soft  soils  are  present  and 

of  considerable  depth,  so  that  the   bottom  thereof  cannot   be  reached 

without  too  much  trouble  and  expense,  for  their  removal,  as  ought  to  be 

done,  platforms  of  wood  or  fascines  are  adopted  and  made  to  carry  the 

!j  whole  building,  floating,  as  it  were,  on  the  top  of  the  sand ;  while,  in  the 

I  better  qualities  of  this  loose  ground,  piles  of  square  timber  of  considerable 

I  length  are  driven  down  to  a  solid  foundation. 

;  This  is  effected  by  means  of  heavy  weights,  called  monkeys  or  ramSy 
jibeing  directed  on  to  their  top  by  guides  held  up  by  framing,  as  shown  in 
8figs.  907,  908,  and  909,  the  weights  being  elevated  by  hand  or  by  suitable 
^machinery  to  a  certain  adequate  height,  and  then  allowed  to  fall  on  the 
fhead  of  the  pile,  which  is  encircled  by  a  wrought  iron  ring  to  prevent  it 
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from  splitting  under  the  force  of  the  impact ;  while  the  bottom  or  point 
of  the  pile  is  shod  with  an  iron-pointed  shoe,  as  fig.  910. 

These  piles  are  from  9  to  12  inches  square,  and  spaced  at  from 
I  to  3  or  4  feet  apart  in  each  direction,  as  shown  in  fig.  911,  being  driven 
firmly  into  the  solid  ground,  while  their  heads  are  connected  by  bearers 
of  timber  of  various  sizes  into  which  they  are  tenoned,  and  on  these 
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bearers  are  laid  the  wooden  planks. or  stone  slabbing  on  which  the  founda- 
tions are  built,  as  in  fig.  912;  the  spaces  for  a  short  depth,  below  and 
between  the  piles,  being .  occasionally  dug  out  and  filled  with  concrete  to 
make  one  solid  mass  at  the  top. 


Fig  913 


The  use  of  inverted  arches  for  the  distribution  of  the  weight  in  variable 
foundations  has  been  dealt  with  in  Chapter  III.,  to  which  the  student  is 
referred. 

Sewers. — Sewers  are  large  drains,  which  are  of  a  size  beyond  the  limit 
of  the  use  of  glazed  or  other  piping  for  the  purpose,  built  of  brick,  and 
circular,  oval,  or  egg-shaped  in  section.     It  should  be  pointed  out  that 
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glazed  stoneware  pipes  are  now  made  in  sizes  up  to  3  feet  in  diameter, 
so  that  brick  sewers,  on  account  of  their  awkwardness,  would  not  be  built 
of  any  sizes  below  this  limit,  to  supersede  piping. 

Therefore,  the  first  kind  of  brick  sewer  in  general  use  is  what  is 
called  a  advert  drain,  the  straight  sides  and  circular  bottom  being  built  of 
brickwork,  either  4^  or  9  inches  thick,  and  covered  over  with  stone  slabs, 
as  fig.  913;  or  the  sewer  is  built  quite  circular  with  special  bricks,  as  fig. 
914  ;  though  this  is  the  more  awkward  method  of  the  two. 

Where  sewers,  built  on  the  above  lines,  are  of  such  large  dimensions 
,  that  true  circles  would  take  up  too  much  room,  and  render  them  nearly 


flat  where  a  good  curve  to  the  invert  is  required  for  the  quick  flow  of 

sewage,  they  are  built  egg-shaped,  as  fig.  915 ;  from  which  it  will  be  seen 

I  that  the  sewage,  whether  its  volume  be  great  or  small,  has  the  best  and 

II  most  equal   chance  of  the  necessary  quick  flow   in   this  form,  whereas 

'  *'n  the  circular  kind  this  cannot  be  the  case.     As  a  rule,  the  bottoms, 

>r  invert  blocks,    should   not    be   of   more   than   9    inches   radius   (the 

smaller  the  better,  within  reason),  and  of  glazed  stoneware.     The  general 

proportion  for  the  widths  and  heights  is  that  the  diameter  of  the  top  circle 

;  s  double  that  of  the  bottom  or  invert,  and  the  internal  height  from  bottom 

24 
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to  top  three  times  that  diameter,  the  remaining  space  between  the  circles 
at  the  side  walls  being  lined  in  with  arcs  tangential  to  both  circles. 

Shoring  and  Strutting. — Shoring,  as  applied  to  excavations,  has 
been  dealt  with  previously;  and  it  is  now  proposed  to  give  the  student 
an  idea  of  shoring  to  buildings  which  require  additional  support,  when  the 
adjoining  or  part  of  their  own  property  has  been  pulled  down. 


1 


opening 
-Required- 


Efcv&tlon:     Fig.  916 


Section:   Fig.  3/7. 


In  cases  where  large  openings  are  to  be  cut  into  main  walls  it  is 
necessary  that  the  part  above  must  be  shored  while  the  girders  to  carry 
it  are  being  put  in.  This  is  done  by  means  of  struts,  posts,  or  legs,  raised 
perpendicularly  from  the  balk-sills  on  the  solid  ground  or  floor  made 
solid,  and  supporting  needles  going  through  holes  cut  above  the  height  ; 
of  the  opening  reauired,  as  figs.  916  and  917,  the  whole  being  tightened 


F/g  9(8 


up  by  wedges,  at  the  feet  of  the  posts,  as  shown  on  the  side  elevation.  {■ 
The  dotted   lines  show  the  proposed   position  of  the   girders  and   the, 
opening  to  be  cut  in  the  wall  after  the  weight  above  has  been  secured  by 
the  shoring,  which  is  generally  constructed  of  balk-timber  10  or  12  inches 
square,  as  required. 

The  joints,  as  in  all  strutting  or  shoring,  are  either  bolted  together  01 
secured  by  wrought  iron  dogs,  as  fig.  918,  driven  home  into  each  memberv. 
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When  one  house  between  two  others  has  been  pulled  down  (which  is 
the  more  usual  occurrence)  a  temporary  timber  framing,  consisting  of 
several  trusses,  is  built  between  the  two  from  wall  to  wall,  to  allow  each 
to  prop  the  other,  as  it  were.  These  forms  of  course  vary  infinitely,  and 
are  of  varying  strengths,  according  to  the  spans  and  distances  apart,  if  the 
depth  of  the  opening  requires  more  than  one  set  of  framing.  A  long 
plank  is  placed  vertically  up  the  walls  of  each  house,  and  the  framing  is 
built  in  and  wedged  tight  between  them,  as  fig,  919  ;  or  where  one  house 
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Fig.  3  20. 


is  taller  than  the  other,  and  the  width  requires  a  truss  similar  to  king  or 
queen  posts  in  roofs,  they  are  treated  as  in  fig.  920,  though  the  work  can 
be  done  in  various  other  manners,  and  different  men  have  different  ideas 
ion  the  subject. 

Angles  of  buildings  which  require  to  be  strutted,  and  end  houses  which 
fcannot  be  strutted  from  another  building,  are  dealt  with  by  means  of 
mying  shores,  as  fig.  921,  with  long  timbers,  or  as  in  fig.  922,  with  short 
(timbers  secured  by  boards  nailed  on  each  side,  and  bound  together  with 
|w)op  iron.     The  butting  pieces  in  the  ground,  backed  up  by  the  vertical 
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post  solidly  driven  into  the  ground,  should  incline  at  right  angles  to  the 
pressure  of  the  chief  shore  or  strut.  Each  of  the  shores  is  secured  at 
the  top,  as  in  fig.  923,  a  hole  being  cut  into  the  upright  plank  and  wall, 
into  which  the  pin  or  needle  is  driven.  This  pin  is  assisted  by  a  cleat 
nailed  above  it,  and  the  shore  is  butted  up  and  wedged  against  it,  as 

shown.  1     ,      .  '       r.f 

Scaffolding.— 5^«/^M^^,  as  familiar  to  everybody,  is  a  series  of 
temporary  platforms,  raised  up,  as  the  building  increases  in  height,  to  allow 
the  men  to  work  from  them  at  various  stages,  and  store  their  materials 
for  immediate  use.     They  consist  of  poles,  ledgers,  putlogs,  boards,  cords- 
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and  wedges,  the  poles  being  the  upright  circular  members,  secured  in 
the  ground  about  9  feet  apart,  as  A,  on  figs.  923  and  924.  The  ledgers,  B 
running  longitudinally  at  every  different  rise  of  4  or  5  feet,  are  secured 
by  the  cords  18  feet  long,  bound  tightly  round  the  two  and  wedged  up. 
From  the  ledgers  to  and  into  holes  in  the  wall  (which  is  about  5  feet  away) 
the  putlogs  C  are  laid  every  few  feet  to  receive  the  boards  D,  which  form 
the  platform.  When  the  framing  is  of  any  height  it  is  braced,  as  shown  by^ 
the  ordinary  scaffold  poles,  secured  by  the  cords,  and  wedged  like  the 

ledgers.  ,, 

Masonry  requires  stronger  scaffolding,  which  is,  therefore,  usually} 
strengthened  for  the  purpose  by  the  use  of  3-inch  battens,  instead  of  15 
inch  planks,  to  form  the  platform;  and  also  it  will  not  allow  of  putlogs 
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going  into  the  walls,  in  which  case  they  are  strutted  up  from  one  platform, 
or  height,  or  putlog,  to  the  other,  by  planks  placed  against  the  wall. 

In  Scotland  the  work  is  built  from  the  inside,  the  working  platforms 
being  raised  from  floor  to  floor  as  the  work  proceeds. 

Gabers  scaffolds  are  little  used,  so  it  is  unnecessary  to  enter  into  par- 
ticulars about  them,  more  than  to  say  that  the  standards,  putlogs,  etc.,  are 
made  by  bolting  deals  together,  the  whole  being  cross-braced,  and  bolted 
to  the  standards  and  to  one  another,  presenting  an  appearance  like  a 
quarry  floor  laid  diagonally. 


P 


Fig  S25. 

Hoisting  Tackle. — Stones  are  lifted  and  set  into  position  in  the  work 
by  means  of  ropes  and  pulleys  supported  by  shear-legs  (as  fig.  925),  which 
are  scaftbld  poles  let  into  or  bedded  in  the  ground  securely;  or  the  pulleys 
are  secured  to  the  apex  of  two  poles  held  in  position  by  guy  ropes,  as 
fig.  926;  and  when  the  work  gets  beyond  the  use  of  these  methods,  above 
the  ground,  derrick  cranes  are  employed  to  hoist  up  all  materials  and 
%o  bed  stones,  though  they  are  often  used  on  the  ground  floor  in  place 
of  shear  legs  or  guy  ropes  and  poles.  They  consist  of  two  legs,  from 
platforms  or  beds,  fixed  on  the  various  floors  sufficiently  w^eighted  to 
prevent  any  slipping  out,  inclining  up  to  an  apex  to  which  an  upright  is 
raised  from  another  platform  immediately  under  the  apex,  on  which  also 
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Stands  the  apparatus  for  winding  up  the  chain,  which  goes  up  to  the 
apex  and  thence  to  the  end  of  the  derrick  or  gib,  which  is  hinged  at  the 
bottom  of  the  foot  of  the  post  beside  the  winding  apparatus,  as  shown 
in  fig.  927.     This  derrick  or  gib  is  raised  up  and  down  as  required,  and. 


through  a  pulley  at  its  top,  the  chain  to  lift  the  stones   s  worked  from  the 
winding  apparatus. 

When  the  stones  are  too  heavy  for  ordinary  derrick  cranes  travellers 
have  to  be  constructed,  consisting  of  strong  platforms  made  of  balk-timber 
raised  on  each  side  of  the  wall  up  to  a  height  so  that  a  trussed  beam  from 
one  to  the  other  can  work  or  travel  along  above  the  required  height  of 
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the  wall.  These  trussed  beams — for  they  are  in  pairs — run  on  wheels  on 
rails  fixed  on  the  upper  face  of  the  top  beams  of  the  framing  on  each 
side  ;  and  they  support  the  jenny  or  crab  which  runs  across,  from  side  to 
side,  on  wheels  guided  by  rails  on  the  trussed  beams. 


I 


The  jenny  is  used  for  hoisting  the  stones,  and  can  be  moved  to  any 
position  along  the  traveller  beams,  which  in  themselves  can  be  worked 
along  the  side  framing,  as  the  sketch  will  indicate  (see  fig.  928). 

The  stones  lifted  by  either  of  the  above  methods  are  grasped  by 
nippers,  as  fig.  929  ;   and  also  with  a  round  ,block,  as  fig.  930,  on  one 


362 


BUILDING    CONSTRUCTION. 


side,  whenever  the  face  might  be  injured  by  the  nippers  tightening  when 
the  weight  hangs  on  them. 

Another  method  is  to  cut  a  mortise  in  the  top  bed  of  the  stone,  and 
insert  a  Lewis^  as  fig.  931,  which,  it  will  be  seen,  is  dovetailed  in,  »nd 
secured  to  the  chain  or  rope. 


r?^ 


Underpinning  is  the  building  of  walls  underneath  an  existing  wall, 
or  structure,  such  as  cellar-walls  below  a  building  where  there  has  been 
no  cellar  previously.  These  works  require  great  care,  so  that  settlements 
or  the  collapse  of  the  building  are  guarded  against ;  and  with  this  view  all 
underpinning  should  be  done  in  cement-mortar,  and  in  very  short  lengths, 
2  or  3  lineal  feet  only  of  excavation  being  taken  out  at  a  time,  and  the 
work  built  up  and  wedged  tighdy  and  completely  to  the  existing  wall 
above  before  any  more  earth  is  taken  out  from  under  the  wall  further  on. 


CHAPTER    XXIII. 
MISCELLANEOUS    MATERIALS. 

Asphalte — Granite — Limes    and    Cements — Mortar — Concrete — Marble — Terra-cotta — 

Artificial  Stones. 

It  is  proposed  in  this  chapter  to  deal  with  certain  building  materials 
^hich  have  not  been  treated  of  in  (as  it  were)  their  proper  places,  in 
reference  to  their  application  and  use. 

Asphalte. — Asphalte  is  a  limestone  saturated  with  naphtha,  found  iti  a 
natural  state  on  the  Continent  at  places  enumerated  below.  It  can  also 
"je  made  artificially  by  a  combination  of  bitumen  (in  the  form  oi  pitch) 
.vith  other  solid  matter.  The  natural  asphalte  is  generally  ground  and  run 
into  moulds,  with  sand  and  a  little  pitch  (when  it  is  called  mastic),  and 
old  in  small  blocks  containing  a  little  more  than  a  cubic  foot.  It  is  made 
lit  for  use  by  being  melted  in  a  furnace  and  applied  on  the  walls  while 
hot;  and  as  it  has  the  qualities  of  being  frost-proof,  damp-proof,  and 
:1  re-proof  (up  to  a  certain  degree),  it  can  be  used  for  damp  courses,  for 
ijrotecting  damp  walls,  covering  roofs,  and  for  baths,  skirtings,  and  street 
paving.  It  should  be  laid  by  experienced  workmen,  in  layers  from  |  to 
I  inch  thick,  and  rubbed  to  a  smooth  surface,  on  a  suitable  bed  of  concrete, 
also  floated  to  a  smooth  level  top,  as  a  foundation  for  the  work. 

Of  the  various  kinds  of  asphalte  in  the  market  the  following  are  the 
chief : — 

Limmer,  found  near  Hanover  in  a  natural  state,  and  used  for  general 
purposes  in  the  usual  way. 

Seysselj  or  Claridge's  asphalte,  as  it  is  called,  is  found  in  the  Jura  moun- 
tains, near  Pyrmont-Seyssel,  on  the  eastern  frontier  of  France,  in  a  rocky 
state,  containing  about  90  per  cent,  of  carbonate  of  lime  and  10  per  cent. 
of  bitumen.  There  are  three  qualities  of  it — the  fine,  fine-gritted,  and 
coarse-gritted — used  for  the  different  kinds  of  work  previously  enumerated. 
Val-de-Travers  asphalte  is  found  near  Neufchatel,  in  Switzerland,  in  a 
rock  containing  from  12  to  20  per  cent,  of  bitumen,  which  renders  it  a 
first-class  asphalte,  and  suitable  for  the  best  work. 

363 


n 


jg^  BUILDING  CONSTRUCTION. 

Asphalte  damp  courses  are  often  made  by  mixtures  containing  coal-tar 
pitch  and  real  pitch,  in  the  original  natural  form  of  bitumen  the  material 
.hich  makes  the  limestone  rock  asphaltic,  and  which  is  found  m  .ts  pure 
state  in  Palestine,  near  the  Dead  Sea,  and  also  in  the  island  of  Trinidad 

Gra.nite.~Granite  is  an  igneous  rock,  containing  quartz,  feldspar,  and 
mica,  usually  in  the  proportions  of  about  5,  4,  and  i  respectively  Found 
in  Scotland  at  Peterhead  and  Aberdeen,  in  Aberdeenshire  and  in  Kirk- 
cudbrightshire ;  while  in  England  it  is  found  at  Mount  Sorrel,  in  Leicester- 
shire,  and  several  places  in  Devon  and  Cornwall.  ,     ,  ,     ,      , 

The  quality  of  the  granite  depends  on  the  quartz,  both  for  hardness 
and  durability,  while  the  feldspar  gives  it  its  colour,  and  has  a  great  effect 
on  its  weathering  properties,  bad  feldspar  causing  the  disintegration  of  the 
mass.  The  mica,  though  in  small  quantity,  is  a  source  of  weakness,  and 
must  not  be  taken  into  account,  except  when  there  is  too  much  of  it. 

Granite  is  quarried  by  blasting  and  wedging;  it  is  dressed  in  the 
quarry,  because  it  is  so  hard  when  it  loses  its  sap.  and  it  is  capable  of 
taking  a  high  degree  of  polish.  It  is  used  chiefly  for  ornaniental  purposes 
in  the  building  frade,  principally  for  shafts  or  columns  -dbas^s  to  large 
buildings.  The  Leicestershire  granite  is  of  a  pink  colour  ;  the  Devon  and 
Cornwall  varieties  are  chiefly  grey;  and  the  Scotch  kinds  either  red  or 
grey;  while  Syenite,  or  Syenitic  granite  (found  in  Egypt,  -d -ntaming 
hornblende  instead  of  mica  in  the  first  instance,  and,  m  addition  to  the 
quartz,  feldspar  and  mica),  is  darker  in  colour  owing  to  the  hornblende, 
and  tougher  than  the  British  varieties. 

Lime  and  Cements  are  the  products  of  limestones  of  various 
composition,  burnt  in  kilns  by  calcination,  as  it  is  called. 

Le.-Vure  lime,  in  itself,  has  neither  power  of  settmg  nor  ultimate 
strength,  and  it  is  only  when  combined  with  clay  and  burnt  that  it  .s  of 
value  as  a  building  material.  The  presence  of  day,  up  to  a  certain  per- 
centage, regulates  the  value  of  its  strength  and  setting  POwer,  a  pur  , 
rTch  or  /./lime  (as  explained  and  used  for  plastering)  containing  little 
or  tci,  which  allows  it  to  slake  at  once  with  a  loud  crackhng  noise 
Ind  considerable  stea».  It  is  only  fit  for  plastering  and  other  sanitary 
purposes,  and  can  be  made  out  of  most  pure  limestones,  including  the 
Bath  and  Portland  varieties,  marble,  and  chalk. 

Poor  Hn,e  is  the  next  degree,  containing  from  80  to  90  per  cent   0 
carbonate  of  lime,  with  a  residue  of  sand,  and  other  qualities  which  give  it 
no  hydauUc  properties,  as  its  power  of  setting  under  damp  conditions  an 
,n  water  is  called.     It,may  be  termed  a  useless  variety  as  compared  with 
he  lers,  considering  that  it  slakes  sluggishly  and  imperfectly,  w^d. 
makes  it  valueless  for  plastering;  while  for  mortar  it  is  worse  than     fat 
Ume  because  it  will  neither  increase  so  much  by  slaking,  nor  take  such 
a  quLnt  ty  of  sand,  being  neither  one  thing  nor  the  other.     Rich  and  poor 
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limes  never  set  hard,  though  sometimes  they  may  harden  a  Httle  on  the 
exterior  only. 

The  first  best,  as  a  good,  quick-setting,  and  strong  lime,  is  called  a 
feebly  hydraulic  lime,  containing  80  to  90  per  cent,  of  carbonate  of  lime 
and  8  or  10  per  cent,  of  clay,  which  are  the  required  ingredients.  The 
small  amount  in  which  it  is  present  in  this  kind  is  not  as  much  as  is 
wanted,  though  its  slaking  may  be  considerably  reduced.  The  clay  is 
required  to  such  an  extent  that  its  silica  and  alumina  will  take  up  in 
combination  most  of  the  lime,  forming  silicates  and  aluminates  of  lime,  the 
former  being  formed  at  an  early  stage  of  the  burning,  and  the  latter  after 
subjection  to  a  considerable  degree  of  heat ;  and  it  is  this  fact  which 
makes  it  necessary  that  the  stronger  limes  and  cements  should  be  the 
more  burnt. 

This  combination  reaches  its  state  of  perfection  (as  about  to  be 
explained),  and  then  it  declines  in  efficiency  and  value,  owing  to  the 
presence  of  too  much  clay. 

Hydraulic  limes,  the  fourth  class,  contain  from  15  to  20  per  cent,  of 
clay,  which  takes  some  time  before  it  begins  to  slake,  and  then  only  in  a 
small  degree.  It  sets  in  about  a  week,  and  is  fairly  strong.  It  is  the 
product  of  grey  chalk,  found  in  Sussex  and  Surrey. 

An  eminently  hydraulic  lime  contains  from  20  to  30  per  cent,  of  clay, 
is  of  a  greenish-yellow  colour,  found  in  the  lias  lime  formations  at  Barrow- 
on-Soar,  in  Leicestershire ;  Rugby  and  Stockton,  in  Warwickshire ;  Whitby, 
in  Yorkshire ;  Lyme  Regis,  in  Dorset ;  and  Holywell,  in  Wales.  It  sets 
hard  and  quickly,  and  is  very  difficult  to  slake. 

When  the  clay  is  mixed  with  the  lime  in  a  natural  state,  or  otherwise 
artificially  in  the  proportion  of  i  and  2,  the  resulting  combination  of 
chemicals  obtained  at  a  great  heat  is  called  a  cement,  the  Portland  variety 
being  the  best,  of  which  there  are  two  different  kinds,  slow  and  quick 
setting — the  former  being  heavy  and  the  latter  light  in  weight. 

Cement. — Generally  speaking,  cement  is  made  from  cement-stones  or 
pebbles,  containing  from  30  to  35  per  cent,  of  clay,  which  proportion 
is  the  best  for  the  complete  combination  of  the  different  constituents,  as 
previously  pointed  out. 

This  natural  cement  is  made  chiefly  at  Rugby  and  Stockton,  in 
Warwickshire,  and  in  Kent ;  while  artificial  varieties  are  made  in  different 
parts  of  the  country  (principally  in  the  south)  from  a  mixture  of  white 
chalk  and  unburnt  clay,  in  the  proportion  of  about  2  to  i,  which  is 
calcined  at  a  very  high  temperature  to  produce  a  heavy,  slow-setting 
cement. 

Good  cement  should  be  of  a  very  fine  powder,  leaving  no  more  than 
10  per  cent,  residue  when  sifted  through  a  sieve  of  2,500  meshes  per  square 
inch.     It  should  be  clean  and  cool  to  the  arm  when  thrust  into  it,  and 
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it  may  be  either  quick  or  slow-setting— the  slower  it  is  the  stronger  it 
ultimately  becomes,  weighing  up  to  120  lbs.  per  striked  bushel ;  while  the 
quick-setting  quality  weighs  from  95  lbs.  to  112  lbs.  per  bushel.  It  is 
capable  of  bearing  a  tensile  strain  of  350  lbs.  per  inch  superficial,  and  is 
of  a  greenish-grey  colour ;  a  brown  tint  indicating  excess  of  clay,  and  blue 
excess  of  lime.     It  should  be  stored  on  wooden  floors  in  dry  sheds. 

Roman  cement  contains  too  much  clay  (from  30  to  45  per  cent.), 
producing  a  brown  quick-setting  material,  weighing  no  more  than  75  lbs. 
per  striked  bushel,  and  of  little  ultimate  strength  compared  with  Portland. 
It  is  useful,  however,  in  work  which  has  to  be  done  quickly,  such 
as  sea-walls,  etc.,  requiring  that  the  work  should  set  in  the  interval 
between  tides. 

Selenitic  is  a  patent  artificial  cement,  made  from  lias  lime,  by  the 
admixture  of  plaster-of-Paris  or  a  sulphate  of  lime,  which  stops  all  slaking, 
and  makes  the  cement  set  quicker,  with  a  greater  proportion  of  sand, 
without  apparent  loss  of  strength. 

Pure  and  poor  limes  are  sold  in  lumps  by  the  ton  ;  lias  limes  in  lumps 
or  in  bags,  when  ground  for  concrete  purposes;  while  cements  are  sold 
either  in  bags  or  casks. 

Burning  Lime,  of  whatever  quality  of  the  stone  or  lias  kinds,  is 
burnt  in  clamps  or  kilns  of  both  Tunnel  and  Flare  varieties,  on  both  the 
intermittent  and  continuous  systems ;  while  cements  are  burnt  in  conically^ 
shaped,  brick-lined  kilns,  as  they  require  much  more  heat. 

Clamps  are  very  little  used,  as  they  are  a  poor  and  expensive  way  of 
working ;  the  lime  and  fuel  being  placed  in  the  clamps  in  alternate  layers, 
and  covered  over  with  some  material  to  keep  in  the  heat. 

Tunnel  kilns  are  of  different  sections,  on  the  continuous  principle ;  the 
lime  and  coal  being  added  from  time  to  time  through  an  orifice  at  the  top, 
heated  gradually,  and  abstracted,  as  it  gets  down  in  parts,  from  a  hole  at 
the  bottom  and  away  from  the  fire ;  while  flare  kilns  are  on  the  inter- 
mittent system,  the  usual  cylindrical  brick-lined  spaces  being  filled  with 
lime  and  fuel,  and  burnt  all  together,  emptied,  and  then  refilled. 

Mortar  is  a  mixture  of  sand  with  lime  or  cement  in  various  propor- 
tions, according  to  requirements,  to  bind  together  the  solid  materials  used 
in  a  building. 

Limes  should  be  first  thoroughly  slaked,  and  then  mixed  in  a  mortar 
mill  with  certain  proportions  of  sand,  ashes,  brick,  or  stone  dust,  etc.,  being 
thoroughly  ground  and  amalgamated  together.  When  mixed  by  hand  care 
should  be  taken  that  the  lime  and  sand  are  screened,  in  order  to  separate 
all  large  lumps,  etc.,  before  the  water  is  added  to  make  it  into  the  creamy 
mass  required,  no  more  being  mixed  under  any  circumstances  than  is 
required  for  the  day's  consumption. 

Cement   is   generally  mixed,  by  hand,  with  very  clean,  sharp  sand- 
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mortar,  which  must  be  washed  if  necessary,  though,  on  large  buildings, 
cement  is  mixed  by  machinery ;  and  although  lime-mortar  made  by  hand 
is  inferior  to  that  made  by  machinery,  cement-mortar  is  not  affected  either 
one  way  or  the  other,  on  account  of  its  fineness  of  grit  and  freedom 
from  lumps. 

The  usual  proportion  for  ordinary  work,  under  no  special  circumstances, 
is : — 

Poor  and  Pure  lime         .         .         i  part  to  3  parts  of  sand. 

Hydraulic  lime 

I       Portland  cement 
Roman  „  ... 

Selenitic  „ 
Concrete. — Concrete  is  a  mixture  of  gravel,  broken  stone,  slag,  or 
)rick,  called  agglomerate  or  aggregate,  with  either  ground  lias  lime, 
Portland  or  Selenitic  cements,  known  as  the  matrix  when  mixed  with 
rater.  It  is  used  in  bad  or  uncertain  soils  to  form  a  sound  foundation 
or  the  superstructure,  also  for  fireproof  arches,  and  coverings  to  the 
ground,  under  floors,  to  keep  out  damp  and  receive  layers  of  hard  floors. 

The  proportions  in  which  the  agglomerate  and  matrix  are  mixed  vary 
considerably,  according  to  the  weight  of  the  proposed  superincumbent 
mass,  and  the  materials  of  which  it  is  made.  The  usual  admixtures  are  : 
I  of  hydraulic  lias  lime  to  from  3  to  5  parts  of  ballast  or  agglomerate, 
containing  sand,  gravel,  slag,  brickbats,  etc. ;  i  part  of  Portland  cement  to 
from  4  to  7  of  ballast,  etc. ;  or  i  part  of  Selenitic  cement  to  from  6  to  8 
of  ballast,  etc. 

The  matrix,  consisting  of  the  sand  and  cement,  or  lime,  is  often  mixed 
into  a  mortar  first,  and  then  poured  on  to  the  agglomerate  on  a  wooden 
platform,  after  which  the  whole  is  turned  over  and  thoroughly  incorporated. 
Otherwise,  the  lime  or  cement  is  thoroughly  mixed  with  the  agglomerate 
when  dry,  after  which  the  water  is  added,  and  it  is  again  turned  over 
several  times  for  the  second  mixing. 

This  mixing  being  done,  the  resulting  concrete  is  either  wheeled  and 
thrown  into  the  trenches  from  a  height,  or  laid  in  gently  from  buckets, 
each  stage  of  the  process  being  followed  by  careful  ramming  together  and 
levelling  up. 

No  large  stones  should  be  allowed  in  the  agglomerate  or  aggregate. 
Those  for  concrete  foundations  should  be  small  enough  to  pass  through  a 
ring  2 1  inches  in  diameter;  while  those  for  arches,  lintels,  and  other  special 
work  must  pass  through  a  ring  i  \  inches  in  diameter. 

Marble. — Marbles  are  pure  limestones,  of  very  hard  and  compact 
natures,  varying  in  colour,  and  capable  of  taking  a  high  polish.  They  are 
found  in  Devonshire,  Dorsetshire,  Scotland,  and  Ireland ;  while  consider- 
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able  quantities  come  from  the  continent  of  Europe,  and  elsewhere.  As 
a  building  material  marble  is  chiefly  used  for  ornamental  purposes,  in  in- 
ternal work  only,  such  as  columns,  staircases,  chimneypieces,  and  the  like. 

Serpentine  is  a  similar  kind  of  material,  used  for  similar  purposes,  but 
much  softer  in  its  nature,  though  compact,  and  capable  of  receiving  a 
first-class  polish.  It  is  of  various  colours,  in  streaky  forms,  from  which  it 
derives  its  name ;  and  it  belongs  to  the  igneous  rock  formation,  partaking 
of  the  nature  of  a  granite  or  porphyry,  and  is  found  near  the  Lizard,  on 
the  south  coast  of  England.  When  free  from  white  streaks  it  is  suitable 
for  external  ornament,  though  better  adapted  for  internal  work. 

Trap  or  Whinstone  is  a  hard  mixture  of  feldspar  and  hornblende, 
of  a  crystalline  nature,  very  tough,  arid  of  a  green  or  black  colour, 
used  for  setts,  paving,  road-metal,  etc.  The  best  quality  is  found  in 
Northumberland ;  at  Penmaenmawr,  in  Wales ;  and  in  Scotland. 

Terra-cotta. — Terra-cotta,  a  substitute  for  stone,  for  dressings  to 
buildings,  is  the  product  of  a  rich  clay  found  in  several  parts  of  the  country, 
especially  at  Ruabon,  Rowley  Regis,  and  Tamworth.  It  is  made  by 
mixing  several  kinds  of  clays  with  ground  glass  or  pottery  to  prevent 
shrinkage.  The  mass  is  ground  to  a  powder,  mixed  in  water,  finely 
strained,  kneaded,  and  then  cast  into  moulds  of  the  required  patterns,  etc., 
then  dried  and  baked  in  domed  kilns,  at  a  very  high  temperature,  and 
gradually  cooled. 

It  may  be  either  of  a  rich  red,  pink,  or  buff  colour,  according  to  the 
presence  of  iron,  the  light  varieties  indicating  insufficient  burning,  and  a 
green  tint  a  bad  material,  which  will  be  very  absorbent.  The  blocks  in 
which  terra-cotta  is  made  are  cast  hollow,  soaked  in  water,  and  filled 
in  with  fine  concrete  before  being  set  in  position  in  a  similar  manner  to 
stonework.  Terra-cotta  has  the  advantages  of  great  durability  and  hard- 
ness, combined  with  cheapness  and  light  weight ;  but  against  these  must 
be  set  the  fact  that  the  unequal  shrinkage,  caused  in  the  burning  by  the 
nature  of  the  mixture,  is  apt  to  prevent  the  work,  especially  mouldings, 
carrying  good  lines. 

Artificial  Stones  are  made,  generally  speaking,  of  finely  ground  stone, 
ballast,  and  sand,  mixed  with  Portland  cement  or  other  setting  materials. 

Victoria  or  silicated  stone  consists  of  granite  dust  and  Portland  cement, 
mixed  to  a  paste,  cast  into  moulds,  dried  and  immersed  in  a  silicate  of  an 
alkali  to  give  it  a  hard,  durable,  and  stronger  weathering  face.  It  is 
principally  used  for  pavings,  as  a  substitute  for  the  Yorkshire  stones,  for 
sills,  copings,  landings,  steps,  etc.,  because  it  is  a  cheaper  article. 

Apoenite  and  Ransome^s  Patent  Stone  are  similar  materials ;  the  former 
being  made,  in  the  first  instance,  from  a  mixture  of  sand,  silicate,  and  Portland 
cement,  while  "  Ransome's  "  variety  is  made  from  sand,  silicate,  and  chalk, 
mixed  to  a  paste,  cast  into  moulds,  and  immersed  in  chloride  of  calcium. 
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Both  kinds  are  greatly  used  for  steps,  landings,  pavings,  and  all  other 
purposes  where  natural  stones  are  used.  They  have  the  advantages  of 
being  cheap,  requiring  little  labour,  are  non-absorbent,  of  great  tensile  and 
compressive  strength,  and  light  weight. 

Peters'  Patent  Artificial  Sandstone  can  be  made  of  any  colour  and  of 
grain  according  to  the  sand  used  in  its  preparation.  It  can  be  made  in 
any  district,  and  not  necessarily  at  the  manufactory,  the  quality  and 
strength  of  the  stone  as  at  present  ascertained  being  everything  that  can 
be  desired. 

Pozzuolana  is  a  substitute  for  sand,  of  a  clayey  and  ashy  nature, 
found  in  Italy,  in  the  neighbourhood  of  volcanoes,  and  is  mixed  with  lime 
to  make  mortars  and  water  cements. 


CHAPTER  XXIV. 
STRESSES. 

Definitions — Loads — Stresses — Reactions — Discernment  of  Strains. 

fr  is  only  proposed,  in  this  chapter  (which  is  a  preliminary  to 
Ghapter  XXV.,  where  the  subject  is  more  fully  discussed),  to  deal 
with  the  above  subject  as  far  as  the  syllabus  of  the  advanced  course 
requires  the  student  to  go  in  that  stage  ;  and,  as  a  necessary  preliminary, 
an  explanation  will  first  be  given  of  the  general  terms  in  use. 

Definitions. — Different  kinds  of  loads  cause  different  stresses  on 
structures,  producing  different  strains,  which  the  principle  of  equilibrium 
demands  shall  be  met  by  reactions  of  corresponding  power,  to  resist  those 
actions  successfully.     The  stress  is  the  power  of  the  load. 

Thus,  one  man  may  push  another  against  a  wall  with  such  force 
(equivalent  to  a  load)  as  to  cause  a  compressive  stress,  acting  in  a  manner 
likely  to  crush  him,  unless  he  can  call  forth  a  reaction  on  his  own  part  to 
resist  the  strain  which  that  stress  or  action  of  pushing  puts  on  his  strength, 
and  to  prevent  his  being  crushed  against  the  wall. 

Or^  a  team  of  men  in  a  tug  of  war,  by  pulling,  cause  a  tensile  stress, 
which  produces  a  strain  on  the  other  team,  who  must  have  the  power  to 
resist  the  strain  imposed  on  them  by  such  stress,  or  else  they  will  be  drawn 
over  the  line. 

(9r,  again,  the  blades  of  a  pair  of  scissors  meeting,  with  a  piece  of 
material  between  them,  cause  a  shearing  stress,  or  action  tending  to 
shear  or  cut  that  material  in  two,  unless  it  has  the  nature  or  power  to 
S€t  in  a  reaction,  tending  to  resist  or  counterbalance  the  strain  put  upon 
it  by  such  action  or  stress. 

Having  shown  the  student  the  application  of  the  general  terms,  an 
explanation  of  each  one  individually,  with  the  various  forms  it  takes,  will 
be  given  in  detail. 

Loads. — A  load  is  the  weight  or  power  of  the  external  forces  acting  on 
a  certain  structure,  together  with  the  weight  of  the  structure  itself;  and 
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it  may  be  either  a  live  or  a  dead  load,  the  whole  of  which  is  either 
concentrated  at  any  one  point,  or  at  any  number  of  points  on  the 
structure,  or  it  is  distributed  equally  over  the  whole,  or  any  part,  of 
the  same. 

A  live  load  is  a  moving  force  applied  suddenly  and  intermittently, 
accompanied  by  shocks  and  vibrations  ;  such  as  a  train  going  over  a 
bridge,  a  sudden  gust  of  wind  on  a  roof,  or  a  weight  falling  suddenly  on 
a  beam  or  floor  ;  while 

A  dead  load  consists  of  a  force  or  weight  of  a  continuous  nature, 
applied  gradually  and  remaining ;  such  as  solid  independent  and  unsup- 
porting  walls  on  breastsummers,  materials  stored  on  warehouse  floors,  etc. 

It  has  been  proved  that  live  loads  produce  twice  as  great  strains  as 
dead  loads  of  equal  weight  or  force ;  therefore  structures  will  carry  twice 
as  much  dead  load  as  live  load. 

A  breaking  load  is  that  which  is  so  great  as  to  produce  fracture  to 
the  structure,  while  a  safe  or  working  load  is  that  which  a  structure  will 
carry  with  safety  and  without  any  apparent  risk.  A  safe  or  working  load, 
causing  a  stress,  is  generally  one-fifth  of  that  of  the  breaking  load.  The 
ratio  between  the  two,  as  one  and  five  in  this  instance,  is  called  the 
Factor  of  safety. 

Stresses  are  the  actions  or  forces  which  cause  the  strain,  and  are  of 
six  diff"erent  kinds,  including  : — 

"  Compressive,"  '*  tensile,"  "  shearing,"  "  transverse,"  "  bearing,"  and 
"  torsional "  stresses,  the  latter  of  which  will  not  be  dealt  with,  as  it  is  not 
met  with  in  buildings. 

Compressive  stress  is  that  which  crushes  a  thing,  causing  a  strain  of 
compression,  especially  present  in  columns  and  posts  of  buildings,  while 
the  struts  in  roof  trusses  are  generally  subject  to  it. 

Tensile  stress  has  a  tendency  to  pull  out  or  tear  a  material  asunder,  and 
is  met  with  in  all  ties  and  suspenders,  in  roof  trusses,  and  other  framed 
structures.  A  simple  method  to  distinguish  between  compressive  and 
tensile  stresses  is  to  consider  whether  a  piece  of  string  or  rope,  of  a 
flexible  nature,  could  be  substituted  for  the  member  without  detriment  to 
the  structure,  neglecting,  of  course,  the  amount  of  the  stress.  If  rope  or 
string  would  answer  the  same  purpose,  it  may  be  regarded  as  certain  that 
the  member  is  in  tension  ;  and  if  not,  it  may  be  taken  for  granted  that, 
in  ordinary  roof-structures,  the  member  is  in  compression. 

Shearing  is  that  stress  which  shears  or  cuts  the  body,  and  is  especially 
applicable  to  riveted  joints,  where  one  plate  slips  along  the  other,  cutting, 
I  or  shearing  in  two  the  rivets  which  connect  them.  The  web  of  ordinary 
>.  ,  girders  is  subject  to  shearing,  inasmuch  as  the  top  flange  being  in  com- 
1  !  pression  and  the  bottom  in  tension,  or  vice  versa,  the  two  stresses  have 
(     a  tendency  to  draw  together  like  the  two  blades  of  a  pair  of  scissors 
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Transverse  stresses  are  met  with  in  the  bearing  members  of  a  structure, 
such  as  lintels,  joists,  rafters,  and  breastsummers,  on  which  the  stress  has 
a  tendency  to  bend  the  member  and  break  it  across,  if  it  has  not  sufficient 
power  in  itself  to  resist  the  strain  put  upon  it  by  the  action  or  stress  caused 
by  the  load. 

Bearing  stress  may  be  said  to  be  the  opposite  of  shearing,  as  the  action 
on  the  plates,  caused  by  the  successful  resistance  of  the  rivets  to  being  cut 
in  two,  results  in  the  rivets  cutting  into  the  plates  compressing  or  stretching 
them  (when  of  insufficient  strength),  so  that  the  rivet  holes  are  enlarged. 

Shearing  affects  rivets,  and  bearing  the  plates,  in  riveted  joints. 

Reactions. — The  principle  of  equilibrium  demands,  for  the  sake  of 
stability,  that  the  strains  which  these  stresses  impose  upon  structures  and 
their  different  members  shall  be  met  by  a  resistance  in  the  nature  and 
strength   of  the  materials  capable  of  withstanding  those  strains.     Their 
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actions  must  be  met  by  corresponding  reactions,  which  are  located,  as  it 
were,  at  the  points  of  support. 

For  instance,  a  girder,  weighing  i  ton,  and  carrying  a  load  of  1 1  tons,; 
is  supported  by  two  columns,  which,  it  is  obvious,  must  be  of  sufficient 
strength  to  be  able  to  keep  up  or  resist  between  them  the  12  tons  ol 
pressure  or  strain  which  the  stress  or  action  of  the  load  imposes  upor 
them ;  or,  reverting  to  the  "  tug  of  war,"  the  competing  teams  must  hi 
evenly  balanced  to  keep  in  equilibrium,  thus  making  it  clear  that  actions 
must  be  met  by  reactions  of  equal  or  greater  strength  in  order  that  th( 
latter  may  succeed  or  hold  their  own. 

When  a  girder  is  uniformly  loaded,  or  carries  its  load  in  the  centre,  i 
is  obvious  that  each  support  will  carry  an  equal  proportion  ;  therefort 
the  two  reactions  required  to  meet  the  strain  on  the  supports  mus 
together   be   equivalent   to   the   load,    and   of  equal  (or  greater)  power 
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Thus,  a  girder,  weighing  i  ton,  and  carrying  it  tons,  either  at  its 
centre,  as  fig.  932,  or  uniformly  distributed  over  its  whole  length,  as 
fig.  933  (the  total  load,  or  external  force,  being  12  tons),  brings  about 
an  action  of  6  tons  at  each  support,  and  each  of  these  has  to  be  met 
by  a  reaction  of  an  upward  tendency,  equivalent  (at  least)  to  6  tons, 
to  prevent  the  columns  being  crushed  down  by  those  loads. 

When  these  loads,  however,  are  placed  in  different  positions  at  unequal 
distances  from  the  supports,  it  is  plain  that  the  stress  from  the  loads  acts 
unequally  on  the  supports  ;  that  nearest  the  load,  of  course,  taking  the 
lion's  share. 

In  such  cases  the  principle  employed  in  ascertaining  the  amount  of 
strain  imposed  on  each  support  is  that  of  "  proportion,"  as  regulated  by 
the  different  lengths  into  which  the  girder  is  divided  by  the  load.     Thus  a 


RcAction 
of    6    Tons 


girder  20  feet  long,  with  a  load  of  10  tons  5  feet  from  one  of  the  supports 
and  15  feet  from  the  other,  would  transmit  its  load  to  the  supports  in  the 
proportion  of  5  and  15,  the  one  nearest  to  the'  load,  of  course,  taking 
the  15  parts— /.d.,  three-quarters  (as  fig.  934).  The  rule  for  calculating 
the  reactions  required  is  therefore  :  "  Multiply  the  load  by  its  distance 
from  the  o//ier  support,  and  divide  by  the  span,"  to  give  the  reaction. 
Thus : — 


Reaction  at  A 


Reaction  at  B  = 


tons  feet 

10  X  5 
20 

10/  15 


50 

20 

150 


=  2I  tons 


=    .0    =  7J 


=  10  tons. 


'  I  The  sum  of  the  two  reactions,  as  calculated,  should  be  exactly  the  same  as 
the  load. 
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When  two  or  more  loads  are  placed  on  one  girder,  each  load  must  be 
dealt  with   separately,  as  shown  below  in   reference  to  fig.   935,  which 


suoj  5  J' 


k 


suoj 


0>k 


-^- 


illustrates  a  girder  20  feet  long,  loaded  with  6  tons  at  a  point  5  feet  from  A; 
4  tons  4  feet  from  B,  and  8  tons  in  the  centre,  making,  in  all,  a  load  ol 
18  tons  to  be  carried  by  the  two  supports  in  the  proportions  ascertained. 
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8    „ 


20 


X  10  80 


20  20 


4x16        64 


3i 


Reaction  A. 
tons.  feet. 

Necessary  for  load  of  6  tons  =  —  **  =  —  =  4I  tons 
•'  20  20        ^ 

«  _  8^  10  _  80  _ 

"       »    »    -      20      -  20  ~  "^      " 

_    4^    _  16  _     ^ 
"  "       "*    "     ~      20      ~  20  ~     ^    " 

Reaction  B. 

Necessary  to  complete  load  \    _    ^  ^  5    _  3p  _     , 

of  6  tons/   ""20  -''^  *    " 


9xT7  tons. 


^  S^V  tons. 


20  20 

6  tons  +  4  tons  +  8  tons  ■.=  total  of  18  tons 


(VrrrrrrfryxrxTTTT) 


r/a.  9J6. 


With  regard  to  cantilevers,  which  have  only  one  support,  the  reaction 
required  is  the  same  as  the  load  to  be  carried  by  the  cantilever,  together 
with  its  own  weight. 

It  will  have  been  noticed  that  the  principle  of  "  leverage  "  plays  a 
conspicuous  part  in  the  proportioning  of  the  loads  to  the  supports  and 
their  necessary  reactions  ;  and  it  is  this  same  principle,  in  a  different  form, 
which  gives  us  the  undoubted  and  undisputed  fact  that  concentrated  loads 
cause  doudie  the  stress  and  strain  of  the  same  load  uniformly  distributed:; 
each  part  of  the  latter  load,  nearer  the  support,  assisting  to  balance  its 
outer  neighbour,  as  it  were  ;  just  as  a  man  would  carry  a  given  quantity  of 
water  in  two  buckets,  one  on  each  side,  more  easily  than  he  would  carry 
it  if  it  were  all  in  one  large  bucket,  and  carried  on  one  side. 

For  method  and  convenience  of  calculation,  these  distributed  loads 
are  grouped  together,  as  it  were,  and  reckoned  as  one  load  at  its  centre— 
i.e.,  the  centre  of  the  distribution,  as  fig.  936. 

The  Discemment  of  Strains.— Common  sense,  consideration,  and 
judgment  are  ail  required  in  distinguishing  what  parts  of  girders  and  the 


37' 


BUILDING    CONSTRUCTION. 


1 


like,  and  what  members  of  trusses  and  other  framed  structures,  are  in 
compression,  and  what  parts  in  tension. 

With  regard  to  the  first-named — i.e.,  girders — the  illustrations  herein-  'm 
after  given  should  clearly  impress  this  distinction  on  the  student's  mind, 
the  forms,  of  course,  being  exaggerated  for  the  purpose. 

Fig.  937  represents  a  girder  supported  only  at  each  end,  from  which 


Ficj  937 


it  will  be  seen  that  the  whole  of  the  top  flange  is  in  compression,  and  the 
bottom  flange  is  entirely  in  tension. 

Fig.  938  represents  the  same  girder  fixed  at  both  ends — showing  part 
of  each  flange  in  compression  and  part  in  tension — the  top  flange  being  in 
compression  in  the  centre,  "  under  the  load,"  and  in  tension  over  the  ends 
and  at  the  supports,  while  the  bottom  one  is  exactly  the  reverse. 

Fig.  939  is  a  combination  of  figs.  937  and  938 — i.e.,  a  girder  having 
one   end  fixed  and    the   other  supported,  showing  the  different  results ; 


while  fig.  940  illustrates  a  continuous  girder,  having  several  supports,  over 
which  the  top  flanges,  as  will  be  seen,  are  in  tension  and  the  bottom  ones 
in  compression,  the  central  portions  being  as  usual,  and  as  previously 
shown. 

The  best  practical  illustration  of  the  above  is  a  piece  of  indiarubber  of 
sufficient  length,  subjected  to  similar  conditions,  etc.,  when  it  will  easily  be 
seen  which  part  is  in  compression  and  which  in  tension. 

Cantilevers,  of  course,  must  be  fixed  to  hold  themselves  up,  much 
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more  under  a  load  in  addition ;  and  when  they  are  a  simple  projection, 
similar  to  half  a  girder,  as  fig.  941,  it  will  be  seen  that  they  are  subjected 


'''^: 


O 


Fi(^94l. 


to  the  strains  of  compression  and  tension,  resulting  from  loads  at  their  end, 
as  indicated. 

When   they  are  framed   it   all   depends  on   their   form.      Here    the 


principle  of  considering  the  possibility  of  the  substitution  of  rope  solves 
all  difficulties ;  as  in  fig.  942,  it  will  be  apparent  that  a  rope  would  do  for 
the  member  A,  which  is  therefore  in  tension  ;  but  not  for  B,  which  is 
consequently  in  compression.     On  referring  to  fig.  943,  it  will  be  at  once 
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seen  that  exactly  the  opposite  is  the  case,  A  being  in  compression  and  B 
in  tension,  the  dotted  hnes  showing  the  effect  of  an  excessive  load. 

Turning  to  the  consideration  of  roof  trusses,  we  find  the  application  of 
the  rope  principle  more  useful  than  ever ;  but  it  should  first  be  pointed  out 
that  the  weights  on  roofs  are,  as  it  were,  collected  together  and  located 
at  various  points,  proportionately,  as  fig.  944,  from  which  it  will  be  seen 
the  eaves  joint  A  take,  §  part  on  each  side,  while  the  ridge  C,  and  purlin 
joints  B,  each  take  |  or  |  of  the  load. 


2PArts 


To  discriminate  between  the  members  in  compression  and  tension,  we 
find,  on  reflection,  that  a  rope  would  certainly  not  act  as  an  efficient 
substitute  for  the  rafters  or  struts,  as  shown  by  thick  lines,  but  that  it 
might  be  used  for  the  tie  and  suspension  rods  shown  by  thin  lines  (see 
fig  944).  Therefore  the  latter  are  in  tension,  and  the  former  in  compres 
sion  or  transverse  strain. 

Figs.  945  and  946  are  further  illustrations  of  trusses,  the  latter  being 


the  ordinary  wooden  king  post ;  fig.  947  represents  a  trussed  beam,  a 
principle  often  employed  to  strengthen  thin  boards  to  carry  flower  pots, 
the  thin  line  members  being  usually  of  string. 

Having  ascertained  which  member  or  part  is  in  tension,  and  which  in 
compression,  we  know  that  wrought  iron  has  the  greatest  power  to  resist 
strains  tending  to  elongate  it  or  tear  it  asunder ;  therefore  we  can  do   no 
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better  than  use  it  for  members  in  tension,  and,  generally  speaking,  it  is  most 
convenient  in  round  or  bar  form,  though  it  can  be  rolled  into  J's  for 
struts  and  rafters.  As  regards  parts  in  compression,  cast  iron,  on  account 
of  its  great  power  to  resist  compression,  would  be  the  strongest  and  best, 


were  it  not  for  its  fragile,  unweldable,  and  inconvenient  nature,  for  the 
putting  together  of  the  joints.  As  a  consequence,  wrought  iron  has 
superseded  cast  iron  for  rafters  and  struts  which  are  made  of  T  shape, 
the  form  most  suitable  for  long  lengths,  where  bars  or  rods  would  bend, 
unless  built  up  to  make  them  the  more  rigid,  as  hereinbefore  shown. 


n^947. 

Joists,  rafters,  lintels,  etc.,  subject  to  transverse  strain  (though  rafters 
have  been  taken  above  as  in  compression,  but  only  in  contra-distinction  to 
tension),  are  strongest  when  of  rectangular  form  and  of  a  good  depth,  the 
strength  lying  in  the  depth,  and  no^  in  the  breadth. 


CHAPTER  XXV. 
CALCULATION   OP    STRAINS. 

Computation  of  Strains  on  Cantilevers,  Girders,  and  Trusses  variously  loaded. 

Computing  Strains. — The  strains  which  the  various  stresses  produce, 
as  hereinbefore  enumerated,  can  generally  be  calculated  arithmetically  and 
graphically,  to  check  each  other ;  and  it  is  intended  in  this  short  chapter 
to  briefly  and  concisely  put  before  the  student  a  few  of  the  methods  in 
vogue  for  that  purpose. 

Cantilevers — Load  Concentrated. — Assuming  that  he  thoroughly  un- 


R  4 


4tonQ 


derstands  everything  in  the  previous  chapter,  we  will  first  deal  with 
plain  cantilevers  of  rectangular  forms.  Fig.  948  represents  a  cantilever 
12  inches  deep  and  3  feet  projection,  loaded  at  its  end  by  a  given  weight 
of  4  tons.      The  formula    by  which  the  greatest  strain    is   calculated  is 

wl 

-~.i  w    representing    the    weight,    /    the    projection    or    length,  and   d 
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the  depth.     Therefore  we  have  : 

tW  _  4  tons  X  3  feet  ^  I2  feet  _  ^^  ^^^^  ^^^^^^^ 
I  ^      I  X  12  inches         I  foot 

which  can  be  graphically  proved  as  illustrated  in  fig.  949  and  the  following. 
"  Draw  the  cantilever  to  scale  as  the  figure,  join  A  B  diagonally  across 
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the  member,  and  set  up  from  C,  at  right  angles  to  C  B,  C  D,  equivalent  to 
4  tons  (i  ton  or  foot  being  of  the  same  scale) ;  then  from  the  point  D 
draw  D  E  parallel  to  A  B,  cutting  C  B  produced  in  E,  and  C  E  will  give  the 
amount  of  strain  which,  when  reduced  according  to  scale,  will  equal 
12  tons." 

As  it  is  well  known  that  the  strain  is  greatest  at  the  point  of  support, 
and  diminishes  to  nothing  immediately  under  the  weight,  the  strains  at 
intermediate  points  will  graduate  between  the  two  external  points  of 
support  and  application  of  the  load,  so  that  such  strains  at  the  different 
intermediate  points  can  be  ascertained  according  to  fig.  950,  the  perpen- 
diculars representing  the  strains  at  the  points  from  which  they  are  raised. 

On  fig.  950  the  strain  line  C  E  on  fig.  949  is  raised  up  to  the  perpen- 
dicular as  C  F,  and  the  points  F  and  B  are  joined,  forming  a  triangle,  as 
F  C  B,  which  represents  the  form  of  the  whole  strains  on  the  cantilever,  and 
the  intermediate  perpendiculars  indicate  what  is  required. 

Having  ascertained  these  strains,  we  can  calculate  the  sectional  area 
required  to  resist  them  by  dividing  the  amount  of  strain  by  the  "  power 
of  resistance  "  of  the  material  to  be  employed ;  always  remembering  that 
the  top  flange,  or  part,  has  to  resist  the  amount  of  one  strain  (tension)  and 
the  bottom  part  the  same  amount  of  the  contrary  strain  (compression),  to 
one  or  the  other  of  which  every  part  is  subjected,  according  to  circum- 
stances, as  hereinbefore  explained. 

Wrought  iron  will  resist  safely  4  tons  compression  per  superficial  inch. 
„  5      „     tension  „ 
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Therefore,  according  to  the  table,  the  top  flange,  if  in  wrought  iron, 
should  be  of  an  area  of  2|  superficial  inches,  to  resist  12  tons  of  tension; 
and  the  bottom  flange  3  inches  in  area,  to  resist  the  same  amount  of 
compression.  If  fir  were  used  it  would  require  to  be  12  inches  deep  (a 
fixed  depth  according  to  your  calculations,  which  assume  it  as  12  inches), 
X  5  inches  broad,  giving  an  area  of  60  square  inches,  24  of  which  are 
required  (at  10  cwt.  per  square  inch)  to  resist  12  tons  of  tensior,  while 
the  remaining  36  square  inches  would  be  required  to  resist  12  tons  of 
compression  (at  7  cwt.  per  square  inch)  on  the  lower  part. 
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orfig.  952;  i 


Theoretically  the  cantilever  might  be  constructed  as  fig.  95 
but  this  is  not  done  in  practice,  as  a  rule. 

— Load  distributed. — Coming  to  uniform  loads  on  cantilevers,  it  is 
usual  to  take  the  collected  load,  or  total  weight,  as  located  in  the  centre  of 
the  loaded  area,  as  fig.  953,  from  which  it  will  be  seen  that  it  is  in  this 
case  practically  halfway  along  the  cantilever,  and  the  formula  resolves 
wl 


itself  into  ^,  twice  the  depth  being  taken  to  give  the 
2.d 


half"  result  as 


compared  with  a  concentrated  load ;  for  we  know  that  the  latter  causes 
double  the  strain  of  a  uniform  load.     Therefore — 


7('  /  _  4  tons  X  3  feet 
2d  2x1  foot 


6  tons  strain. 


Q 


£Mvation 


^      Elevation 


Plan 
rig  952 


Graphically  this  is  ascertained  by  a  similar  process  to  fig.  950,  the 
diagonal  being  raised  from  a  point  halfway  along  the  bottom  flange,  as 
fig  953>  while  the  graduation  of  the  strains  at  intermediate  points  takes 
tne  form  of  a  concave  parabolic  curve,  as  shown  on  fig.  954,  which  should 
need  no  further  explanation. 

The  theoretical  form  of  the  cantilever  would  be  either  as  fig.  955  or 
fig.  956. 

—  Two  distinct  loads. — If  two  distinct  loads  are  placed  on  a  cantilever 
their  strains  should  be  calculated  separately,  and  the  results  added  together; 
while  graphically  they  should  be  treated  as  fig.  957,  of  which  the  small 
diagram  is  constructed,  to  give  the  lines  of  inclination  to  the  figure.     A 
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perpendicular  is  dropped  from  any  point  as  Z,  and  on  it  are  marked  off 
consecutively  from  the  point  the  weights  or  reactions  of  the  loads,  Z  Y 
representing  to  scale   i  ton,  and  Y  X  2  tons.     The  depth,  which  always 


plays  such  a  conspicuous  part,  is  marked  off  at  right  angles  to  Z  X  from 
Z,  asW  ;  and  then  W  Y  and  W  X  are  joined.  Reverting  to  the  main  figure, 
from  A  we  draw  A  B  parallel  to  W  Y  until  it  meets  a  perpendicular  raised 


26 
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from  the  other  load ;  after  which  A  B  is  continued  to  C,  but  parallel  to 
W  X.  Thus  the  diagram  is  formed,  and  the  strains  can  be  scaled  off  as 
required.  If  the  cantilever  were  uniformly  loaded,  it  would  be  treated 
similarly  to  fig.  954  in  principle. 


3  tons 


Q 
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— Shearing  Strain, — The  "  shearing  "  strain  on  a  cantilever,  with 
concentrated  load,  is  equal  to  the  amount  of  the  reaction  all  along  the 
cantilever  from  the  point  of  support  to  that  of  application  of  the  load, 
as  fig.  958;  while,  on  uniformly  loaded  cantilevers,  it  gradually  diminishes 


2  tons 


^"^ *"^  OOOOOQ 


A-/ 9  $61 


to  nothing  at  the  point  of  application  from  the  amount  of  the  reaction 
at  the  support,  as  fig.  959,  one  part  of  the  load  assisting  the  other,  as 
it  were. 

— Two  distinct  Loads. — A  cantilever  differently  loaded  at  two  or  more 
points  would  have  its  "  shearing "  strain  shown,  as  fig.  960  ;  and  if  a 
uniform  load  is  fixed  at  a  distance  and  clear  space  from  the  support,  it 
will  be  as  fig.  961,  taking  the  form  of  a  concentrated  load  from  A  to  B. 
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Girders. — Girders  are  treated  in  a  similar  manner  to  cantilevers,  their 
strains  being  ascertained  by  the  following  formulae : — 


TV  I 

"8l? 


for  concentrated  loads. 


for  uniform  loads. 


Fi^  $63 


So  that  a  girder  of  8  feet  span  and  9  inches  deep,  supporting  a  uniform 
load  of  2  tons,  would  have  its  strain  calculated  thus  : — 


8./ 


2  tons  X  8  feet 


ijp^  =  25  tons  strain, 
6  feet 


8x9  inches 

y    which  would  be  doubled  if  concentrated. 

Graphically,  a  girder,  with  concentrated  load  centrally,  would  be  dealt 
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with  as  fig.   962,    and  as  fig.  963    if  intermediately  loaded  ;   while   fo; 


Fig  964 


O 


Elevation 


Plan 
Fig  366 


uniform  loads  it  would  be  as  figs.  964  and  965  respectively ;  one  half  of 
the  load  (or  either  of  the  reactions)  being  set  up  as  the  height,  when  the 
reactions  are  equal  j  and,  when  they  vary,  one  or  the  other  will  answer  the 
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purpose,  so  long  as   care   is   taken   that  the  same  side   of  the  load  is 


Elevation 


Plan 
Fie/  367 


utilised  for  the  diagonal  and  parallel  line  to  ascertain  the  strain,  as 
particularly  illustrated  on  fig.  963.  If  correct,  figures  will  always  com- 
plete themselves. 


P  0000  (^00000 
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The  theoretical  outlines  for  beams  or  girders  are  as  figs.  966  and  967 
concentrated  oads,  and  figs.  968  and  969  for  uniform  loads. 
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—  Under  several  distinct  Loads. — When  a  girder  is  loaded  with  several* 
different  loads  the  strains  are  found  graphically,  as  fig,  970  (similarly  to 
fig.  957) ;  and,  arithmetically,  they  are  proved  by  working  each  load  out 
separately  and  adding  the  results  together.  On  fig.  970  it  will  be  noticed 
that,  in  the  small  diagram,  the  perpendicular  line  of  loads  is  divided 
proportionately  to  the  reactions,  and  the  depth  line  thrown  out  at  right 
angles   from   that   point.     The   other  working  is   precisely  the   same   as 

fig-  957- 

Graphic  diagrams  in  this  class  of  work  are  also  of  service  to  the  de- 
signer, in  that  they  help  him  to  economise  judiciously  by  riveting  plates 
on,  intermediately,  along  the  flanges,  to  withstand  irregular  strains  without  )| 
increasing  the  general  sectional  area.  For  instance,  the  diagram  of  strains, 
fig.  971,  clearly  points  out  that  an  additional  plate  of  sectional  area,  to 
resist  the  strain  indicated  by  A  B,  and  of  a  length  equivalent  to  C  D,  car 


be  judiciously  added  to  the  length  of  girder  E  F,  designed  to  resist  a  straii 
amounting  to  G  H. 

Sometimes  we  have,  in  practice,  to  find  out,  by  calculation  or  stres 
diagrams,  the  strains  caused  by  certain  loads  at  various  intermediate  points 
along  a  girder ;  and  this  is  done  mathematically  by  multiplying  the  reactioi 
by  the  distance  from  the  support,  and  dividing  the  result  by  the  depth 
while  it  is  graphically  treated  (alternatively  to  figs.  962  to  964,  where  the 
perpendiculars  are  scaled)  as  fig.  972,  which  represents  a  girder  of  12  i^QX 
span,  2  feet  deep,  loaded  centrally  with  10  tons  (though  this  rule  is 
applicable  to  any  weight  and  position),  and  it  is  required  to  find  the  straii 
caused  by  the  load  at  every  2  feet. 
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The  girder  is  drawn  to  a  scale  by  which  feet  and  tons  are  made  equiva- 
lent ;  and,  perpendicularly  upwards  from  A  on  the  bottom  flange,  at  the 
point  of  support,  a  line  A  B  is  measured  to  represent  the  reaction  at  that 


Fiq   971 


support ;  and,  from  the  top  point  B,  a  line  is  drawn  across,  parallel  to  the 
girder,  and  of  indefinite  length.  The  points  at  which  it  is  required  to  find 
the  strain  are  marked  off  along  the  top  flange ;  and  from  A  a  line  is  drawn 
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through  each  one  to  the  indefinite  line  from  B,  and  the  distance  from  B, 
cut  off  by  that  intersecting  Hne  from  A,  gives  the  required  answer  when 


y////fhMWW/h'MSi 


'^.^-i<^'>:^i^::~<:^^:^^^M^^^^mi 


reduced  to  weight  according  to  scale.     The  strains  on  the  bottom  flange 
are  worked  out  conversely  to  the  above,  as  shown  on  the  lower  part  of  the 
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figure ;  though  this  is   not  necessary,  as  the  strains  on  both  flanges  are 
alike  in  amount,  only  different  in  character. 

Proof  of  this  is  obtained  by  calculation  on  lines  just  laid  down  : — 


5  tons  reaction  X  2  feet  from  support  ^  lo  _     ^^^^  ^^^^^  ^  ^^^^ 

depth  of  2  feet  2 

5  tons  reaction  x  4  feet  from  support  _  20 

depth  of  2  feet  2 


10  tons  strain  4  feet  away. 


If  the  load  be  placed  at  any  intermediate  point  between  the  supports 
the  reactions  of  course  are  unequal,  but  when  multiplied  by  the  distance  of 
the  load  from  each  point  of  support,  the  same  result  should  be  given. 


3  tons 


n. 


Fig  973 


Fi^  974 


Uons 


For,  supposing  this  girder  were  loaded  3  feet  from  one  support,  the  reac- 
tions would  then  be  in  the  proportion  of  3  and  9  (to  make  up  the  1 2  feet) — 
ie.,  they  would  be  respectively  7^  tons  and  2|  tons,  which  give  the  same 
result  when  multiplied  by  the  distances  away  as  7I  tons  x  3  feet,  and 
2|  tons  X  9  feet,  each  equal  22I  tons  strain  under  the  load;  and  the 
strains,  at  any  intermediate  points  between  load  and  supports,  can  be 
ascertained  in  like  manner  by  multiplying  the  reaction  by  the  distance  the 
point  (at  which  it  is  required  to  find  the  strain)  is  away  from  that  support. 
^'8*  973  represents  the  form  of  the  strains  on  the  girder  in  fig.  972. 

Tht—s/iean'ni^'—on  girders  is  equal  to  the  reaction  at  each  support 
from  the  centre  or  load  to  that  support  when  it  is  a  concentrated  load ; 
while  a  uniform  load  causes  a  gradual  shearing  from  nothing  immediately 
under  it  to  the  amount  of  the  reaction  at  the  support,  as  figs.  974,  975, 
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976,  and  977,  will  explain.     So  that,  in  the  latter  case,  the  "shearing 
at  any  point  is  equivalent  to  the  amount  of  load  distributed  between  that 
point  and  the  centre. 


Framed  Structures.— Coming  to  framed  structures,  the  student  must 
thoroughly  understand,  and  never  lose  sight  of  the  fact,  that  "  the  forces 
acting  at  any  point,  to  be  in  equilibrium  (which  is  the  foundation  of  the 


3  tons 


r  ^ 

00000000 


n^  977 

structure),  must  complete  and  form  a  triangle  or  polygon  whose  sides  are 
parallel  to  the  directions  of  the  forces,  and  therefore  are  equivalent  to  their 
magnitudes." 

Triangle  or  Polygon  of  Forces. — This  theorem  is  the  foundation  of 
all  calculations  and  diagrams,  as  will  hereinafter  be  illustrated  {vide  figs.  979 
to  984),  though  these  reciprocals  (as  they  are  sometimes  called)  will,  of 
course,  be  pointed  out,  as  the  diagrams  are  constructed,  in  the  usual 
way. 

Roof  Trusses. — It  is  only  proposed  here  to  deal  with  roof  trusses,  as 
other  framings  do  not,  strictly  speaking,  belong  to  building  construction. 

The  first  procedure  is  to  locate  the  weight  at  various  points,  and  then 
ascertain  the  reactions  (as  should  always  be  the  first  thought  in  whatever 
class  of  work),  the  polygon  of  forces  (as  fig.  990)  being  used  to  determine 
the  necessary  reactions.  But  when  the  loading  is  vertical  and  equal  on 
both  slopes  of  the  roof,  each  reaction  will  be  equal  to  one  half  the  total 
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load,  so  that  the  polygon  of  forces  becomes  a  straight  line,  obviating 
further  trouble,  which,  it  will  hereinafter  be  noticed,  is  present  in  unequal 
loading. 

— Khig  Post  Truss. — Taking  a  "  king  post "  truss  as  our  first  form,  we 
proceed  as  follows  : — 


^kNT 


ki 


Set  up  any  line  vertically  in  any  position  as  a  line  of  loads,  and  assuming 

at  the  truss  carries  4  tons  weight,  it  will  be  divided  as and  -, 

4  4  4  S         8 
n  diagram  978 ;  so  that  we  shall  have  to  support  i  ton  of  it  at  each  purlin 
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and  the  ridge,  with  ^  ton  at  each  of  the  eaves  to  equally  divide  the  8  tons. 
Therefore  the  reactions  will  be  : — 

42315        cwt.  cwt. 

TV       W       TV       TV      TV 

4-^4''4''8+8'_  20-^20  +  20  4-10+10 ^  80 ^       ^^,^  ^^^j^ 
2  2  2 

Starting    from     A    on    the     line     of    loads,     we    set    off    to    scale 
A  B  =  ?^';  B  C  =  '^';  C  D  =  !?f';  D  E  =  '^*;   EF  =  '^';  and,  bisecting  A  F 

8444*^ 

in  G,  we  have  A  G  and  G  F  equivalent  to  R^  and  R^— />.,  40  cwt. 
each,  measured  from  each  end. 


f/y  980 


From  B  we  then  draw  B  H,  and  from  G  G  H,  parallel  to  Z  Y  and 

Y  R,  respectively ;  giving  us  A  B  H  G  A  as  the  reciprocal  of  the  forces  at 
the  joint  Y,  while  B  H  and  H  G  give  us  (according  to  scale)  the  strains 
on  Y  V  and  Y  R  respectively. 

Next,  taking  the  joint  V,  we  draw  H  J  and  J  C  parallel  to  V  R  and 

V  Z,  giving  us  B  C  J  H  B  as  the  reciprocal  of  V,  with  H  J  and  J  C 
equivalent  to  the  strains  on  V  R  and  V  Z. 

Following  with  joint  R,  we  draw  J  K  parallel  to 
G  H  K  J  H  G  reciprocal  to  R,  with  J  K  equivalent  to 
gives  us  the  strains  on  half  the  members  ;  and  since  the  loading  is  equal, 
the  strains  are  equal  on  the  other  half,  which  is  completed  on  the  diagram ; 
and  all  that  now  remains  to  be  done  is  to  scale  off  the  strains  and  calculate 
the  material  required  to  resist  them  in  the  usual  way. 

Figs.  979  to  984  give  the  polygons  of  forces  at  the  various  joints  in 
equilibrium ;  the  arrows  indicating  the  directions,  for  all  forces  must  go 
one  way  round  the  polygon,  beginning  at  any  one  point ;  though  they 
must  continue  until  they  close  to  be  in  equiHbrium.  .^ 


R  Z,    making 
R  Z,    which 
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Each  figure  is  a  "reciprocal"  of  the  joint  of  which  it  carries  the 
corresponding  letters,  and  each  line  forming  the  figure  represents  a  force 
acting  at  the  joint  as  A  B  (fig.  979)  represents  that  at  the  eaves,  B  H  that 
on  the  lower  part  of  the  rafter,  H  G  that  on  part  of  the  tie-rod,  and  A  B 
the  upward  reaction  of  the  support. 

This  subject  will  require  careful  study  and  reasoning,  for  it  must  be 


SOcyMt 

\  f^1 

'   30  cwt 
R 

J 

Ficf    381 


^h- 


clearly  understood  and  mastered,  as  this  principle  is,  as  it  were,  the  very 
foundation  of  our  work. 

The  amounts  of  the  strains  are  figured  on  the  polygons,  which  are  all 
drawn  to  scale  similar  to  the  diagram  978.  This  must  always  be  done 
most  carefully  and  accurately,  for  slight  inaccuracies  often  end  in  large 
errors,  on  account  of  the  dependence  of  one  line  on  another. 

It  will  be  noticed  that  the  weights  and  reactions  play  their  part  and 


F i^  98^ 


Fi^  98^ 


n  i 


belong  to  these  polygons,  for  they  are  known  forces,  which  close  the  sides, 
and  where  they  occur  they  have  been  marked  accordingly. 

— Queen  Post  Truss. — Fig.  985  represents  the  diagram  for  a  "queen 


w 


w 


post"  truss  (—   being  equivalent  to  10  cwt.  and  ^  20  cwt.),  which  should 

explain  itself;  abed  a  being  the  reciprocal  of  A,  bcefb  of  B,  dcegd  of  E, 
f^JK^f^^  C,  hkj h  of  D;  the  others  being  similar,  as  the  truss  is  equally 
loaded. 
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A  larger  truss,  with  more  framing,  is  depicted  in  fig.  986,  with  diagram, 
from  which  it  will  be  gathered  that  abed  a  is  the  reciprocal  of  A,  b  cefb 
that  of  B,  dcegd  of  C,/eg/ij'/of  D  ;  while y'/^  k  Ij  and  dgkhgd  repre- 


«      <y 


sent  E  and  F  respectively.     The  other  part  has  been  left  out  intentionally, 
to  save  confusion  ;  it  is  practically  a  repetition  of  the  other  half. 

Fig.  987  represents  a  similar  truss,  with  a  cambered  tie  rod,  the  diagram 
for  which  will  illustrate  what  a  difference  it  makes  compared  with  the 

i 
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Straight  rod.     The  student  must  work  out,  or  rather  "  identify  the  recipro- 
cals "  for  himself.     It  is  precisely  similar  to  fig.  986. 

The  next  form  of  roof  truss  treated  will  be  as  fig.  988  ;  and  as  this  is  a 
truss  in  common  use,  the  writer  will  take  this  opportunity  of  dealing  with 
unequal  loading,  hereinafter  using  this  truss. 

Having  located  our  weights,  and  ascertained  the  reactions  in  the  usual 
way,  as  hereinbefore  explained,  we  draw  the  diagram  as  shown  in  fig.  988, 
from  the  vertical  load  line,  and  parallel  to  the  members  of  the  truss  ;  the 
reciprocals  formed  thereby  representing  the  joints  as  follows : — a  cgoa-=-  A ; 
cghdc-=-'^;  dhtled-=-(Z'jOthgo-=.Y\otlko=-Qi\  elkfe  =  D;  and 
bfk  ob  =  '£.]  all  of  them  closing  together  as  required.  The  strains  can 
be  found  by  scaling  off  the  corresponding  members  in  the  diagram  in  the 
ordinary  way. 

Hitherto  no  distinction  has  been  made  between  lines  in  compression 
and  those  in  tension,  because  the  distinction  was  too  apparent ;  but  they 
are  shown  in  figs.  988  and  989  by  thick  and  thin  lines  respectively. 

— Special  loading. — It  will  be  seen  that  in  fig.  989  two  loads  of  20  cwt. 
are  hung  from  points  F  and  G  of  the  truss  in  addition  to  the  previous 
loading,  which,  of  course,  alters  the  diagram  considerably  as  shown,  and 
increases  the  reactions  which  remain  equal — i.e.,  60  cwt.  each,  as  compared 
with  40  cwt.  on  fig.  988. 

On  the  usual  line  of  loads  mark  off  the  loads  on  the  truss,  neglecting 
the  suspended  loads,  and  from  each  end  of  the  line  set  up  and  down  the 
reactions  to  scale,  making  av  and  by,  which  cross  each  other,  as  will  be 
noticed.  This  done,  we  proceed  in  the  usual  manner,  drawing  eg  from  C 
parallel  to  A  B,  and  from  V  (the  reaction  point)  drawing  v  g  parallel  to  A  F, 
making  acgva  the  reciprocal  of  A;  while  further  parallels  will  give  us 
cghdcior^,  dklle  d  {oiC,Sind  oy  ghto  for  F,  as  compared  with  othgo 
on  fig.  988,  the  latter  containing  four  forces,  while  this  contains  five.  The 
other  joints  at  D  E  and  G  are  similar  to  A  B  and  F,  while  the  line  t  ovs, 
common  to  both  halves  of  the  truss  and  the  joints  F  and  G. 

—  Unsy77irnetrical  loading. — When  we  come  to  unequal  and  unsymme- 
'trical  loading  we  meet  with  a  difficulty  at  the  very  beginning;  inasmuch 
as  we  have  hitherto  used  no  means,  except  calculations,  to  ascertain  the 
reactions ;  and  this  is  done  by  means  of  z.  funicular  and  polygon  of  forces. 

A  line  is  set  up,  just  as  a  "load"  Hne — viz.,  as  Z  Y  (see  fig.  990) — and 
on  it  are  marked  off  the  loads,  as  zo,  op,  a.ndpy,  equivalent  to  W^,  W^, 
and  W^,  on  the  truss ;  after  which  "  any "  point  X  is  taken,  somewhere 
level  with  the  centre  of  the  load  line  ZY,  but  no  less  than  its  length 
away,  and  we  join  Xo,  Xp,  Xy,  which  are  called  vectors 'j  then  drop  per- 
pendiculars from  the  points  of  loading  and  reaction  on  the  truss,  after 
which  we  draw  1.2,  2.3,  and  3.4,  parallel  to  Xpy  Xo,  Xz,  on  the  funicular 
to  connect  these  perpendiculars;  and  by  joining   1.4  we  complete  the 

27 
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polygon  of  forces  ;  and  parallel  to  the  latter  we  draw  X  R  on  the  funicular 
from  X  to  the  load  line,  the  intersection  determining  the  magnitude  of  the 

reactions  R^  and  R^. 

The  reactions  are  then  tiansferred  to  the  ordinary  load  line,  from  which 
the  diagram  is  drawn  in  the  usual  way  ;  the  resulting  reciprocals  abeoa, 
befcb,  cftkdc,  oefto,  otko,  dkod,  representing  the  forces  at  A,  B,  C, 
D,  E,  and  F.  The  diagram  shows  that  there  is  no  strain  on  E  G,  and  that 
the  strains  on  C  G  and  G  F  are  alike. 

Having  mastered  these  few  examples,  the  student  ought  to  be  able  to 
deal  with  all  ordinary  strains  on  building  structures. 
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CHAPTER    XXVI. 

SANITATION. 

'   A  Model  Dwelling — Air  and  Ventilation — Draughts — External  Ventilators  as  Inlets — 
Ventilating  Fans — Drainage — Traps — Drain  Pipes  and  Testing — Inspection  Openings 
I  and    Ventilation   Inlets — Ventilation   Outlets — Flushing — Cesspools — Sewage    Irri- 

•■]  gation — Water  Closets  and  Soil  Pipes — Baths — Water  Supply. 

i 
J-  • 

T,  This  is  one  of  the  vexed  subjects  of  the  age ;  though  it  must  be  under- 

V  stood  that  the  great  differences   of  opinion   only  take  place  as   to   the 

!   means  and  methods  by  which  it  is  attempted  to  get  rid  of  evils,  which, 

one  and  all  agree,  exist  in  a  greater  or  less  degree,  in  connection  with 

the  dwellings  which  belong  to  the  present  decade. 

Rapid  strides  have  of  late  years  been  made  in  the  various  details  of 
sanitation,  which  have  required  great  and  wholesale  improvement;  and 
still  there  is  ample  room  for  further  advancement  in  all  its  branches. 

Many  defects  have  *been  got  rid  of  by  sure  and  proved  remedies, 
but  there  remain  many  more,  which  have  not  been  dealt  with  in  such 
a  manner  that  the  world  can  say  we  have  reached  a  point  of  success 
more  or  less  short  of  perfection ;  and  it  is  on  these  varied  and  contra- 
dictory theories  that  there  is  this  great  amount  of  disagreement  among 
authorities  on  sanitation;  for  the  patents  and  so-called  remedies  put 
forth  are  too  numerous  to  mention.  Therefore  it  is  only  the  wish  of 
the  writer  to  put  before  the  students  those  things  which,  we  all  know, 
require  alteration  for  the  better,  so  that  any  suggested  methods  herein- 
after given  must  not  be  taken  "  as  recommended " ;  they  are  only 
advanced  to  give  the  student  an  idea  how  such  results  might  be  attained. 
The  various  circumstances,  and  his  own  well-considered  practical 
opinion,  ought  to  decide  him  as  to  whose  patent  and  what  remedy  are 
to  be  used  for  particular  difficulties.  It  would  be  invidious  of  the 
author  to  advertise  any  one  or  another  person's  special  patented  ideas. 

Tlie    Model    Dwelling.— A    ''model  dwelling,"  to  be  up  to  the 

requirements  of  the  age  and  of  a  healthy  life,  should  be  one  containing 

ufficient   cubic   contents,   area,   and   light   for   the    purposes    required ; 

with  a  plentiful  supply  and  constant   circulation  of  pure  air,  cooled  in 

•summer  and   warmed  in   winter,   without  any  approach   to  draughts   of 
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any  kind,   which  would  affect  prejudicially  the  health  and  comfort  of  j 
the  inmates. 

It   should  also   be  provided  with  a  plentiful  supply  of  good  pure] 
water;  and  the  sanitary  conveniences,  of  whatever  kind,  should   be  so 
arranged  that  no  bad  smells  or  offensive  odours  can  possibly  be  emitted, 
except,  as  it  were,  out  of  the  reach   of  humanity.     All   drains   should 
be  air-tight  and  water-tight,  well  and  securely  trapped,  laid  with  proper 
gradients,  and   provided  with   adequate   ventilation,  so   that   a   body  of] 
pure  air,    figuratively   speaking,  may  prevail  within  the  appliances,  andi 
so  that  all  foul  air  may  be  driven  out,  from  point  to  point,  at   suchj 
places  that  it  is  harmless  to  life. 

It  must  be  understood  that  foul  air  is  lighter  than  pure  air,  and  for ' 
that  reason  invariably  floats,  as  it  were,  on  the  top  of  the  pure  air,  so 
that  we  know  where  it  collects,  and  therefore  have  to  remove  it  from' 
the  upper  part  of  any  apartment,  where  it  accumulates.  Pure  air  is 
fouled  or  polluted  by  carbonic  acid,  which  either  comes,  by  the  breath,] 
from  the  lungs,  or  is  emitted  from  the  skin  of  human  beings  or  animals. 

Pure  air  is  also  vitiated  by  sewer  gas  and  bad  smells,  and  b] 
combustion,  whether  caused  by  fires,  gas,  or  other  means  of  lighting 
and  warming. 

On  the  other  hand,  leaves  of  trees  and  other  forms  of  vegetation] 
absorb  the  carbonic  acid  out  of  the  foul  air,  and  generally  act  as  a  sort] 
of  purifier  and  filter  to  the  atmosphere. 

For  the  sake  of  convenience  it  will  be  as  well  to  subdivide  the  subject] 
of  sanitation  under  two  heads,  as  follows : — 

1.  Air  and  Ventilation. 

2.  Drainage  and  its  Connections. 
Air  and.  Ventilation. — Human  beings,  on  an  average,  require,  per] 

nead,  300  cubic  feet  of  fresh  air  per  hour  to  keep  them  in  a  healthy  state 
and  for  this  purpose  they  must  be  supplied  with  that  amount  of  cubi( 
space  of  pure  fresh  air,  refilled  and  circulated  by  the  natural  pressure  oi 
the  ingress  of  the  wind,  or  artificially  by  fans,  from  behind,  as  it  were,  t< 
drive  out  the  foul  air,  and  replace  it  by  pure  air;  or  that  object 
attained  by  extracting  the  foul  air  from  the  top  and  drawing  in  the 
pure  air  from  below. 

Assuming  that  each  person  requires  300  cubic  feet  of  air  per  hour,! 
the  air  in  a  room  10  feet   x    10  feet  and  10  feet  high,  would  require  to 
be  changed  three  times  in  ten  hours  for  one   person ;  so  that  rooms 
of  various  cubic  contents   require  the   air  they  contain   to  be  changed 
according  to  the  amount  of  air  available  for  each  occupant. 

There  is  no  law  laying  down  the  superficial  area  or  cubic  contents 
which  each  private  dwelling  should  have  per  inhabitant ;  as  such 
restriction  or  regulation  would  be  unreasonable  and  impracticable,  though 


I 


I 


SANITATION.  405 

it  is  generally  laid  down  by  local  authorities  that  rooms  of  less  area  than 
100  feet  superficial,  by  9  feet  high,  should  have  special  ventilation 
beyond  that  which  an  unused  fireplace  with  window  and  door  would 
give.  Nevertheless  the  Local  Government  Board  require  that,  though 
300  cubic  feet  may  suffice  for  each  individual  in  public  dormitories, 
yet  in  practice  such  cubic  space  should  never  be  less  than  850  for  sick 
persons  ;  and,  indeed,  some  hospitals  have  as  much  as  from  1,000  to  1,200 
cubic  feet,  and  more,  per  patient.  The  Educational  Department  require 
130  cubic  feet  per  scholar,  while  lodging-houses  should  have  30  feet 
superficial,  or  (assuming  8  feet  high)  about  240  feet  cube  per  person. 
These  figures  will  give  the  student  an  idea  of  what  is  required,  and  also 
show  him  how  much  really  depends  on  the  circulation  of  fresh  air. 

Draughts. — The  various  methods  for  promoting  circulation  herein- 
before mentioned,  having  their  inlets  and  outlets  by  means  of  flues  or 
ventilators,  are  apt  to  cause  draughts  of  various  kinds,  which  it  is 
necessary  should  be  obviated  as  much  as  possible ;  and,  with  that 
object  in  view,  a  separate  supply  of  air  should  be  provided  to  feed 
the  fires,  which  require,  under  ordinary  circumstances,  150  feet  cube  of 
air  per  minute.  Unless  that  supply  is  made  from  a  special  source,  it 
will  be  drawn  to  the  fire  from  the  door  or  window,  causing  a  draught 
between  the  inlet  and  outlet ;  and,  consequently,  a  fire  should  have  an 
inlet  of  air  contiguous  to  it,  either  at  the  back  or  sides  of  the  fireplace 
opening,  having  an  area  nearly  equal  to  the  outlet,  flue,  or  opening  at 
the  chimney-pot. 

Down  draughts  are  equally  as  troublesome,  though  not  so  regular, 
as  the  fire  causes  an  up  draught.  Moreover  they  are  not  perceptible, 
unless  we  have  artificial  means  of  ventilation,  such  as  flues  and  ventilators, 
which  at  times  are  converted,  by  circumstances,  temporarily  into  sources 
of  this  defect;  and  this  all  good  patents  and  remedies  should  render 
impossible. 

Draughts  sometimes  are  driven  down  outlet  flues;  and  this  can  be 
remedied,  or  reduced  to  a  minimum,  by  the  use  of  flap  ventilators  made 
of  mica  or  other  light  material,  which  can  be  moved  or  opened  by  an 
up  or  outlet  draught,  and  closed  by  a  down  draught.  At  other  times 
they  are  caused  by  the  air  rushing  through  the  inlet,  which  strikes 
against  anything  such  as  a  ceiling,  and  comes  down  on  people's  heads ; 
or  the  stagnation  of  the  foul  air  at  the  top  will  press  it  down. 

The  heat  of  a  fire  or  hot-water  pipes  will  draw  from  windows  and 
skylights  in  very  cold  weather,  and  create  serious  draughts ;  hence  in  the 
best  hot-water  work  provision  is  made  for  running  the  pipes  around 
the  skylights  or  intermediately,  so  that  the  cold  air  has  to  pass  the 
heated  pipes. 

Common  sense  gives  us  the  remedies  for  these :  either  by  increasing 
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the  outlet  for  foul  air,  or  by  regulating  the  supply ;  though  this  latter  is 
not  to  be  recommended. 

It  should  be  understood  that  a  larger  inlet  than  outlet  increases  the 
velocity  with  which  the  air  circulates,  and  drives  out  the  foul  air  all  the 
sooner. 

Ingress  of  pure  air  can  be,  or  rather  should  be,  of  two  kinds — warm 
for  winter,  and  cold  for  summer.  It  can  be  brought  in  by  the  following 
methods,  among  others  : — 

External  Ventilators  as  Inlets. — External  ventilators,  connected 
by  flues  to  the  inside,  where  valves,  flaps,  and  shutters  should  be  utilised 
to  shut  ofl*  and  regulate  the  supply  at  pleasure.  A  common  place  to 
fix  these  is  a  little  above  skirting  level,  especially  in  window  backs  and 
recesses ;  and  they  should  be  supplied  with  sliding  shutters,  of  hit-and- 
miss  form,  so  that,  by  a  slight  movement  of  the  shutter,  the  ingress  of 
cold  air  may  be  regulated,  or  shut  off*  when  not  wanted.  This  position  for 
ventilators  may  be  said  to  obviate  the  evils  at  its  origin,  inasmuch  as  it 
clears  the  air  from  the  bottom  of  the  room  upwards ;  though  it  is  apt  to 
cause  undercurrents  and  unpleasant  draughts,  to  remedy  which  ventilators 
are  used  of  the  Tobin  class,  which  are  fixed  generally  half  or  part  of  the 
way  up  the  external  walls.  They  consist  of  external  open  gratings, 
connected  by  flues  either  to  wooden  shafts — such  as  pilasters,  etc.,  more 
or  less  ornamentally  treated,  which  are  often  placed  within  the  rooms — or 
at  other  times,  where  the  shafts  would  be  inconvenient  and  out  of  place, 
the  inlet  is  made  by  an  ornamental  bracket,  projecting  into  the  room,  and 
this  is  connected  by  a  shaft  or  flue,  within  the  walls,  to  the  external  air 
grating.  The  fresh  air  enters  the  room  at  the  top  of  the  bracket  (fitted 
with  a  valve  to  open  and  shut),  and  the  force  of  the  air  is  expended 
upwards,  so  that  no  draught  is  caused. 

Ventilators  are  also  fixed  at  or  a  little  below  ceiling  level,  and  they  are 
constructed  of  an  external  open-air  grating,  connected  by  a  short  flue  to 
the  inside  ventilator,  which  is  constructed  on  the  hopper  principle,  with 
closed  sides,  so  that  the  current  of  air  has  a  tendency  to  go  upwards. 
These  precautions,  however,  do  not  successfully  combat  down  draught, 
inasmuch  as,  while  they  remedy  one  defect,  they  cause  the  air  to  come  in 
with  considerable  velocity  on  to  the  heads  of  persons  below,  which  is  a 
great  defect.  Hence,  of  the  three  places  in  which  air  can  be  brought 
into  a  room,  the  best  place  is  midway,  as  the  above  will  explain. 

Fresh  air  can  also  be  supplied  to  a  room  by  means  of  the  window,  and 
this,  too,  without  causing  draught.  The  stop-bead  on  the  sill  is  made 
2  or  3  inches  deeper,  so  that,  by  raising  the  bottom  sash,  the  air  is  admitted 
through  the  space  made  at  the.  meeting  rails  of  the  sashes  thus  opened. 

Ventilating  Fans. — Another  means  of  ventilating  apartments,  and 
promoting  a  circulation  of  air,  is  by  the  use  of  fans  propelled  by  mechanical 
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means,  which  drive  the  collected  fresh  air  through  flues  into  the  rooms, 
the  inlets  to  the  rooms,  of  course,  being  fixed  at  such  a  distance  above  the 
floor  that  all  feeling  of  draught  is  obviated.  The  cold  air  is  taken  or 
drawn  down  a  shaft  into  the  basement,  and  passes  through  a  fan,  which  is 
connected  to  a  series  of  large  flues,  and  these,  in  their  turn,  are  extended 
into  various  independent  smaller  flues,  which  run  up  the  chimney-stacks 
or  upcast  shafts,  and  have  inlets  opening  into  the  numerous  rooms  on  the 
difl"erent  floors  above. 

At  other  times  the  foul  air  is  drawn  out  by  mechanical  means,  at 
about  the  skirting  level,  into  flues  connected  to  shafts,  having  exits  in 
roofs,  towers,  etc. ;  and  this  egress  creates  such  a  vacuum  that  fresh  aii 
is  drawn  in  through  other  flues,  having  inlets  into  the  rooms,  7  or  8 
feet  above  the  floor,  connected  to  air  inlet  shafts  collecting  the  fresh 
air  from  the  open. 

The  supply  of  fresh  air  to  rooms  is  a  small  matter  in  comparison  with 
the  warming  and  cooling  of  it  in  summer  and  winter,  and  this  is  a  matter 
which  is  only  in  its  infancy  as  yet ;  the  only  method  in  vogue  at  the 
present  time  consists  purely  of  passing  the  air  over  or  through  coils  of 
pipes,  etc.,  containing  hot  or  cold  air,  or  over  boxes  of  ice  and  steam- 
heated  pipes  ;  and  this  means  is  only  applicable  (i)  to  the  "  fan  "  process, 
which  explains  itself,  and  (2)  in  cases  where  coils  can  be  fixed  between 
the  inlet  ventilators  and  the  space  to  be  ventilated,  so  that  all  fresh 
air  must  pass  over  or  be  acted  upon  in  a  more  or  less  degree  by  the 
hot  or  cold  appliances.  Where  fans  are  used,  the  fresh  air  can  also  be 
washed  on  a  screen — which  is  very  desirable. 

In  arranging  systems  of  ventilation  great  care  should  be  taken  that 
the  water  closet  and  sanitary  apartments  are  ventilated  independently 
of  kitchens,  dwelling-rooms,  etc. 

The  egress  of  foul  air  can  also  be  provided  for  by  the  fresh  air 
driving  in  through  top  ventilators,  or  by  extraction.  The  former  method 
allows  of  various  forms,  including : — 

1.  Independent  ventilating  flues,  constructed  in  the  chimney-stacks, 
and  carried  up  to  the  top  and  out  into  the  open.  These  are  the  most 
commonly  used  remedies,  and  their  only  disadvantage  is  their  liability 
to  down  draught;   but  this  can  be  obviated  by   the   use   of  the   mica 

flap  ventilators  previously  mentioned,  which  will  only  act  one  way  as 
extractors,  a  contrary  action  closing  them,  as  in  the  case  of  a  down 
draught. 

2.  Outlet  ventilators  may  also  be  constructed  in  ceilings,  a  flue  of 
zinc  connecting  the  outlet  to  a  flue  into  the  stack  or  outlet  vent  in  the 
roof,  as  just  mentioned  ;  and  these  have  the  advantage  that  they  can 
be  ornamentally  treated,  in  that  we  can  use  perforated  centre  flowers 
and   cornices   as    outlets — the  former   being  very  efficacious,  when    the 
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warmth  of  the  gas  will  help  to  draw  the  foul  air  to  the  outlet  and  drive 
it  away. 

Warmth  in  outlet  flues  will  always  increase  the  velocity  of  the  outcast, 
whether  burning  jets  be  inserted  at  the  bottom  of  the  flues  or  the  flues 
themselves  be  warmed  or  surrounded  by  warm  smoke  flues,  care  being 
taken  that  smoke  flues  are  not  utilised  as  ventilators,  unless  great  care 
can  be  exercised  and  very  superior  and  tight  flaps  be  used. 

The  extraction  of  foul  air  is  usually  attained  by  means  of  patent 
appliances,  called  air  pumps^  which  are  generally  self-acting.  These 
patents  mostly  take  the  form  of  cowls,  which  are  fixed  on  the  top  of 
the  special  shafts  or  on  roofs,  the  various  small  pipes  being  brought 
together  in  a  main  shaft,  at  the  top  of  which  the  extractor  is  fixed,  and 
this  draws  out  all  foul  air,  or  rather  it  increases  the  velocity,  and  causes 
an  "  upcast " ;  but  the  efficacy  depends  on  the  movement  of  the  external 
air  very  much. 

It  should  be  noted  that  the  various  small  flues  must  not  be  let  loose 
into  the  main  stack,  inasmuch  as  the  different  currents  would  clash, 
and  form  an  injurious  whirl,  as  it  were,  which  would  cause  an  obstruction. 
They  must  be  kept  independent  of  each  other,  or  be  gathered  together 
one  by  one  as  they  get  near  the  extractor. 

Drainage. — Coming  to  drainage,  we  will  start  from  the  outfall  into 
the  main  or  public  sewer,  and  deal  with  the  drains,  water  closets,  baths, 
lavatories,  sinks,  and  other  apparatus  in  connection  therewith,  calling 
attention  to  those  points  requiring  special  study,  whether  the  system 
be  in  connection  with  a  common  sewer ^  cesspool,  or  scheme  of  irrigation. 

It  may  be  stated  at  the  outset  that,  wherever  practicable,  it  is  always 
advisable  to  intercept,  or  disconnect,  that  portion  of  a  dwelling  in  which 
the  sanitary  conveniences  are  placed,  from  the  main  block  of  the  house, 
by  a  lobby  having  a  cross  current  of  air  constantly  circulating  through  it. 

It  is  generally  acknowledged  by  most  sanitarians  that  the  house 
sewer  should  be  disconnected  from  the  public  sewer  or  cesspool  by 
some  properly  devised  trap  placed  as  near  the  end  of  the  house  system 
as  possible,  as  house  sewers  not  so  disconnected  allow  the  free  admission 
of  any  fever  germs  which  may  have  found  their  way  into  the  public  sewer 
from  some  contaminated  source.  Otherwise  householders  would  have 
to  rely  entirely  upon  the  internal  fittings  of  the  house  for  their  protection ; 
and  in  such  cases  as  (i)  the  temporary  removal  of  a  water  closet  for 
repairs,  without  sealing  the  pipe  end ;  (2)  an  accident  to  a  trap,  causing 
the  water  to  run  out ;  or  (3)  the  unsealing  of  a  gully  during  cleaning 
operations  or  the  evaporation  of  water  during  a  dry  season  (all  of  which 
may  occur  in  the  average  dwelling),  the  inmates  would  be  exposed  to 
the  risk  of  these  germs  gaining  admission  to  the  house — a  risk  too 
serious  to  be  contemplated  or  permitted. 
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Traps. — The  various  kinds  of  traps  (a  trap  being  an  appliance  devised 
to  prevent  the  rising  and  entrance  into  the  house  of  sewer  gases  by  the 
water  which  it  contains)  in  use  for  this  purpose  of  disconnection  are 
too  numerous  to  mention,  the  main  point  being  that  they  should  be 
constructed  so  as  to  have  a  dip  at  the  outlet,  shown  at  A,  fig.  991, 
to  allow  the  standing  water  in  the  trap  to  be  more  forcibly  acted  upon 
by  the  discharges   down  the   house   sewer,  so   that   the   water   may  be 
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properly  changed.  The  body  of  the  trap  B  should  also  be  reduced 
to  allow  of  a  better  seal  being  obtained  (of,  say,  2  or  3  inches),  without 
having  too  large  a  body  of  water  to  resist  the  flush  through  it,  and 
of  course  such  reduction  must  be  kept  within  reasonable  limits,  or  the 
trap  would  be  liable  to  choke  by  solid  matter  passing  down  the  sewers  ; 
and  it  is  very  desirable  that  there  should  be  an  inspection  arm   on  the 
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ip,  as  fig.  992,  to  allow  of  any  obstruction  in  the  drain  below  bemg^ 
removed. 

These  traps  should  be  placed  below  a  brick-built  chamber,  as  fig.  999, 

that  the  trap  itself  can   be   easily  and   conveniently  cleansed,   when 

Required;  while  the  open  cover  can  be  utilised  as  an  inlet  to  ventilate 

le  house  drain  above,  as  shown,   all   possibility   of  sewer   gas   arising 

jing  obviated  by  the   trap ;  and  when   there   is  an  inspection  arm,   it 

ihould  be  securely  fixed,  that  the  joint  may  be  absolutely  air-tight. 
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Drain  Pipes  and  Testing.— The  next  point  for  consideration  is  the 
house  sewer  and  its  branch  pipes  from  this  disconnecting  trap  to  the 
various  positions  required  to  receive  the  soHd  and  liquid  matter  from 
the  house  appliances  ;  and  it  may  be  mentioned  at  once  that  too  much 
care  cannot  be  bestowed  upon  the  laying  of  these  conduits,  as  leakages 
from  faulty  joints  or  imperfect  pipes  will  percolate  through  the  soil  to 
a  great  distance,  and  may  eventually  locate  themselves,  and  the  evils 
arising  therefrom,  beneath  the  dwelling,  to  the  detriment  of  the  health 
of  the  inhabitants. 

These  drain  pipes  are  generally  of  glazed  stoneware,  about  2  feet  in 
length ;  but  of  late  years  many  schemes  have  been  carried  out  in  strong 
cast  iron,  having  its  surface  coated  with  glass  enamel,  or  with  Dr.  Angus 
Smith's  solution  of  hot  coal  tar,  oil  and  resin,  or  other  non-corrosive 
material,  the  advantage  claimed  being  a  better  connection,  that  will  stand 
a  high  pressure,  powerful  flushing,  and  a  reduced  number  of  joints,  on 
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fig. 993  Fig.  994. 

account  of  the  iron  pipes  being  in  9-feet  lengths,  as  compared  with 
2-feet  lengths  in  stoneware  pipes.  Stoneware  pipes,  however,  have  this 
strong  point  in  their  favour — ^that  they  are  made  of  an  imperishable 
substance,  which  iron  is  not ;  and,  moreover,  iron  pipes,  properly  treated, 
cost  nearly  double  the  price  of  stoneware  pipes,  bedded  in  concrete  as 
an  additional  precaution.  These  pipes  should  be  egg-shaped,  so  that 
a  greater  hydraulic  depth  can  be  obtained  for  small  flushes,  to  enable 
them  the  better  to  allow  the  water  to  carry  any  solid  matter  with  them, 
scouring  out  the  drain  completely,  and  also  to  increase  the  velocity  of 
the  flow. 

This  reduction  of  the  width  of  the  channel,  with  its  corresponding  in- 
crease of  depth,  is  attained  by  the  use  of  pipes  similar  to  figs.  993  and  994, 
the  latter  of  which— on  account  of  its  loose  lapped  cover— reduces  to  a 
minimum  the  risk  of  obstruction  formed  by  the  squeezing  up  of  the 
cement  used  in  bedding  the  bottom  joint.  Both  these  pipes  have  another 
advantage,  in  that  they  do  not  require  so  much  water  to  flush  them. 

They   should   be   laid   perfectly   straight,   on   a   solid    foundation   of 
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concrete,  and  to  a  gradual  fall  from  point  to  point  (of,  say,  2  inches  in 
10  feet),  according  to  the  size  of  the  pipe — a  simple  method  for  calculating 
the  fall  of  drains  and  sewers  being  to  multiply  the  diameter  by  10  and 
call  it  feet,  the  result  being  the  length  of  pipe  that  should  have  i-foot 
fall^^.^.,  4  inches  x  10  =  40  feet,  or  i  foot  in  40,  the  required  fall  for 
4-inch  pipes. 

It  should  be  borne  in  mind  that  this  is  the  minimum  rate  of  fall  that 
is  advisable  and  likely  to  answer  its  purpose,  and  a  greater  fall  should  be 
the  aim  of  the  sanitarian. 

If  the  fall  is  not  sufficient,  the  contents  are  likely  to  silt  up  and  choke 
the  drain  ;  while  if  too  much  fall  is  given,  the  liquid  matter  will  run  too 
quickly  away  from  the  solid,  which  would  thus  accumulate,  and  also 
choke  up  the  pipes. 

The  inside  circumference  of  the  pipes  should  be  in  perfect  alignment 
when  fixed  together,  and  all  joints  should  be  made  thoroughly  sound ; 
those  in  stoneware  where  patent  joints  are  not  employed  being  made 
of  tarred  spun  yarn  and  cement,  the  cement  being  mixed  with  clean  sand, 
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in  the  proportion  of  about  i  and  i  (otherwise  the  expansion  in  setting 
is  liable  to  crack  the  sockets),  and  care  should  be  taken  that  no  cement 
or  projection  is  left  on  the  joint  in  the  inside  of  the  pipe;  while  in 
the  case  of  cast-iron  pipes  the  joints  are  made  by  lead  being  well 
caulked  into  the  sockets,  so  that  the  pipe  joints  are  strong  enough  to 
stand  the  smoke,  peppermint,  or  water-pressure  tests,  the  latter  being 
the  best,  consisting  of  blocking  up  the  drain  at  the  outfall  and  filling  with 
water,  which  will  be  retained  at  a  regular  level  if  all  is  secure.  All  drains 
in  close  proximity  to  dwelling-houses  should  stand  the  water  test,  other- 
wise a  stoppage  in  the  pipes,  causing  them  to  fill  up  at  any  time,  would 
force  the  joints,  and  cause  leakages  that  may  never  be  discovered. 

The  other  tests  are  applied  by  forcing  fumes  of  smoke  or  peppermint 
into  the  pipes  ;  and  these  fumes,  if  the  system  is  secure  and  a  good  job, 
should  not  escape  at  any  place  (so  that  the  odour  should  be  perceptible) 
except  at  the  top  of  the  soil  or  vent  pipes. 

Of  the  patent  systems  of  jointing  stoneware  socketed  pipes  one  of 
the  most  important  is  Doulton's  self-adjusting  joint,  fig.  995,  which 
consists  of  concave  and  convex  rims  made  of  hard,  imperishable  material, 

28 


412 


BUILDING   CONSTRUCTION. 


^ 


and  which  are  attached  to  and  incorporated  with  the  material  of  the- 
spigot  and  faucet  ends  of  the  pipes,  the  spigot  end  fitting  into  the  socket 
or  faucet,  both  having  previously  been  smeared  over  with  an  oily  mixture, 
so  that  a  turn  of  the  pipe  will  cause  a  close-fitting  joint   to   be  made 


between  the  hard,  true  surfaces  of  the  rims.  Another  form  of  oint  is  the 
Albion  "  Paragon,"  similar  to  fig.  996,  which  explains  itself,  the  clay  or 
cement  being  forced  by  the  insertion  of  the  spigot  to  make  a  water-tight 
joint.  A  still  later  and  more  improved  kind  is  known  as  '•'  Sykes  "  patent 
joint,  as  fig.  997,  from  which  it  will  be  gathered  that,  being  a  screwed  thread, 


Joint  read^  for  screwing  horrtS 


Joint  as  made 


Fig .  997. 


so  to  speak,  to  be  twisted  into  position,  it  can  be  made  by  the  ordinary, 
workman,  the  jointing  material  being  said  to  be  water-tight  and  imperish- 
able, and  yet  flexible — the  quality  which  has  been  a  long  while  sought, 
as  it  is  impracticable  to  make  a  perfectly  rigid  joint  water-tight,  owing  to 
settlements  in  the  ground. 


Fig.  998 

Another  similar  joint  is  illustrated  by  fig.  998,  which  also  allows  of  flexi- 
bility in  the  connection— a  point  which,  together  with  the  fact  that  perfect 
alignment  is  rendered  the  more  certain,  gives  a  great  deal  of  preference  to 
patent -jointed  pipes  over  the  ordinary  rigid  cement  and  yarn;  this  latter 
being   most    uncertain,    owing   to    unequal   settlements    of  the    ground. 
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Further,  the  mere  filling-in  of  the  soil  in  deep  drains  often  breaks  the 
joint,  no  matter  how  carefully  the  ramming  is  done,  and  moreover,  it  re- 
quires most  close  supervision  and  inspection  to  be  sure  that  no  cement 
has  been  squeezed  up  at  the  bottom  of  the  joints  to  cause  obstructions  in 
the  channe;. 

Inspection  Openings  and  Ventilating  Inlets. — Where  these  pipes 
take  a  different  angle  (forming  an  elbow),  or  have  a  junction  one  with  the 
other,  inspection  chambers  should  be  provided,  having  air-tight  covers  if 
in  a  situation  where  open  grates  would  be  objectionable ;  though  these 
manhole  or  inspection  chambers,  where  required  and  practicable,  should 
be  utihsed  to  get  the  necessary  passage  of  pure  air  through  the  pipes,  as 
fig.  999,  the  lower  part  of  course  being  properly  trapped  and  securely 
ventilated  from  above,  as  shown ;  for  the  mere  fact  of  carrying  a  soil  pipe 
up  full  bore  above  the  eaves  of  the  roof  will  not  cause  circulation,  unless 
an  air  inlet  is  also  provided  at  a  lower  level. 


Boundary 

{parapet 

wall 
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Great  care  should  be  taken  to  provide  the  fresh-air  inlet  of  an  area 
equal  to  or  slightly  larger  than  that  of  the  outlets,  which  is  an  important 
item,  very  frequently  neglected ;  and  it  is  best,  where  practicable,  to 
admit  fresh  air  separately  to  each  branch  at  that  point  where  it  joins  the 
main  house  sewer ;  and,  if  this  is  not  practicable,  the  main  inlet  at  the 
chamber  next  the  sewer  should  be  large  enough  to  supply  the  various 
branches  which  it  has  to  receive ;  and  where  fresh  air  cannot  be  supplied 
by  these  chambers,  it  should  be  let  in  by  means  of  shafts  (sometimes  in 
a  wall)  provided  with  mica  flap  ventilators,  to  prevent  the  back  pressure 
of  foul  air. 

Ventilating  Outlets. — Cowls  are  sometimes  fixed  at  the  top  of  the  out- 
let of  the  ventilating  pipes,  with  the  object  of  increasing  the  up  current ; 
but  this  is  attended  with  such  variable  results  that  an  open  pipe  end,  pro- 
tected from  birds'-nests,  etc ,  by  a  copper  wire  cage,  is  preferred  by  most 
sanitarians  ;  and  if  in  a  position  where  snow  is  likely  to  block  up  the  top 
in  winter,  slits  should  be  cut  longitudinally  in  the  top  of  the  pipe  to  give 
the  necessary  outlet. 
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In  cases  where  these  ventilating  pipes  are  fixed  to  trees,  they  should  be 
constantly  examined,  or  provided  with  expansion  joints,  as  the  growth  or 
movement  of  the  tree  might  disturb  the  jointing. 

All  ventilation  pipes  should  be  coated  with  non-corrosive  substance 
and  with  molten  lead  joints.  It  has  been  discovered  that  uncoated  pipes 
very  soon  rust  and  crumble,  the  scales  of  rust  falling  to  the  bottom  of  the 
pipe,  where*  it  is  connected  to  the  drain,  and  here  it  accumulates^,  until  a 
heap  is  formed  which  entirely  blocks  the  egress  of  foul  air  (see  fig.  looo). 

Flushing. — To  ensure  thorough  cleanliness  in  sewers,  it  is  necessary 
that  a  means  of  regular  flushing  should  be  adopted  ;  and  this  can  be  done 
in  several  ways, — either  by  collecting  the  rain  water  in  an  automatic 
flushing  tank  connected  to  the  sewer  (in  such  a  manner  that  foul  gas 
cannot  get  out)  at  the  head  of  the  system,  or  by  providing  a  constant 
supply  of  water  to  a   flushing   tank   that   can   be   regulated   at   will   to 


fig.  WOO. 

discharge  a  certain  quantity  of  water,  automatically,  as  circumstances 
require — more  frequent  in  warm  weather  than  in  cold — though  it  is  not 
advisable  to  have  too  large  a  discharge,  as  it  is  apt  to  disturb  the  seals  of 
the  various  traps  on  the  branch  sections,  from  20  to  30  gallons  being 
a  sufficient  quantity  for  flushing  an  average  house  sewer  system. 

Oftentimes  drainage  systems  can  be  properly  flushed  by  the  frequent 
use  of  the  bath  when  placed  at  the  head  of  the  system,  and  the  smaller  the 
drain  pipe  the  greater  the  chance  of  sending  down  a  volume  of  water 
the  full  bore  of  the  pipe,  which  is  absolutely  necessary  to  give  confidence 
and  security. 

Where  there  is  no  public  sewer  for  the  proper  disposal  of  sewage,  as 
in  the  case  of  isolated  mansions  and  country  houses,  the  sewage  has  to  be 
dealt  with  by  cesspools,  or  by  surface  or  sub-irrigation,  the  latter  method 
being  the  most  preferable. 

Cesspools. — When  cesspools  are  used,  they  should  be  situated  as  far 
as  possible  from  the  building  and  clear  of  any  storage  tanks  or  source  of 
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domestic  water  supply,  their  walls  and  bottoms  being  perfectly  water-tight, 
and  the  tank  large  enough  to  obviate  frequent  clearing  out ;  though  the 
other  extreme  is  just  as  bad.  They  should  be  well  ventilated  by  pipes 
terminating  at  the  most  favourable  position  that  the  surrounding  circum- 
stances will  allow ;  and  the  overflow  should  be  so  constructed  that  as 
little  harm  as  possible  is  likely  to  occur  from  it,  though  cesspools  are  bad 
and  injurious,  even  when  necessary,  constructions;  and  in  all  cases  the 
house  sewer  should  be  disconnected  from  them,  as  hereinbefore  referred  to. 
Sewage  Irrigation. — There  are  two  methods  of  disposal  by  irrigation 
— namely, 

1.  Surface  irrigation,  which  consists  in  distributing  the  sewage  matter 
over  the  surface  of  properly  prepared  land,  the  liquid  being  drained  off  at 
a  depth  which  will  ensure  its  being  deodorised  before  being  allowed  to 
flow  into  a  stream  or  river  ;  and, 

2.  Sub-irrigation^  by  which  solid  matter  is  collected  in  tanks,  con- 
structed and  subdivided,  so  that  the  liquid  part  is  forced  through  beds  of 
sand  and  charcoal  into  other  compartments  (as  fig.  looi),  from  which  it 
should  be  automatically  flushed  out  and  distributed  below  the  ground,  at 
a  depth  of,  say,  2  feet,  by  means  of  ordinary  field  drains  laid  a  certain 
distance  apart  in  dry  rubble. 

It  is  necessary  that  the  distribution  should  be  large  and  intermittent  to 
prevent  the  trickling  of  small  discharges,  which  make  the  soil  round  the 
tanks  boggy  and  unpleasant,  because  the  liquid  never  gets  beyond  the  first 
two  or  three  pipes  ;  and  it  is  desirable  to  have  all  irrigation  tanks  constructed 
in  duplicate,  to  allow  of  one  set  being  cleaned  out  while  the  other  is  in 
operation,  without  interfering  with  the  regular  working  of  the  scheme. 

It  is  needless  to  add  that  sewage  irrigation  depends  very  much  on  the 
nature  of  the  ground  through  which  the  pipes  are  run — a  gravelly  soil, 
or  any  other  through  which  the  liquid  will  percolate  quickly,  being  the 
desideratum  of  a  sanitary  engineer. 

Before  leaving  house  sewers,  and  passing  on  to  the  consideration  of 
soil  pipes  and  water  closets  in  connection  therewith,  the  writer  would 
impress  upon  the  student  the  necessity  of  careful  thought  in  dealing  with 
drainage  schemes,  as  errors  have,  frequently,  most  serious  results. 

Water  Closets  and  Soil  Pipes. — Every  water-closet  apparatus,  on 
whatever  principle,  whether  valve^  wash-down^  or  wash-out^  should  have 
the  following  properties,  to  secure  safety  : — 

1.  Simplicity  in  its  working  parts. 

2.  A  proper  trap  in  connection  with  it ;  having  a  seal  of  not  less  than 
i|  inches  (many  have  but  half  this). 

3.  A  sufficient  depth  of  water  in  the  basin  to  cover  the  excreta,  and  so 
suppress  bad  smells. 

4.  Such  means  of  connection  to  a  soil  pipe  as  will  ensure  a  perfect, 
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permanent,  and  secure  joint — a  point  which  also  applies  to  the  ventilation 
horn  of  the  trap. 

5.  A  flushing  arrangement  that  will  allow  of  a  flush  of  from  2 J  to  3 
gallons  of  water,  to  completely  change  the  body  of  water  contained  in  the 


Fig.  7007. 
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basin  and  trap,  and  carry  the  excreta  and  paper  to  the  farthest  possible 
distance. 

6.  It  should  have  no  dry  surface  exposed  to  contamination. 

All  closets  having  these  qualities  may  be  considered  to  be  appliances 
that  will  meet  all  usual  requirements,  and  they  are  connected  to  the  drain 
below  by  a  soil  pipe  of  glass-enamelled  or  coated  cast  iron,  or  lead  (the 
latter  being  the  most  lasting  substance  when  properly  fixed);  and  such 
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pipes  should,  in  all  cases,  be  always  fixed  outside,  and  carried  up  full  bore 
to  the  ridge  of  the  roof,  terminating  at  a  position  remote  from  all  windows 
or  openings  into  the  house,  and  away  from  any  projection  likely  to  cause 
a  back  draught  in  the  pipe. 

There  is  a  diversity  of  opinion  as  to  the  size  of  these  soil  pipes,  some 
sanitarians  requiring  4  inches  diameter  for  each  closet,  while  others 
are  satisfied  with  a  2 1 -inch  pipe  for  a  stack  of  three  closets  ;  the  writer's 
opinion  being  that  if  the  pipe  be  large  enough  to  carry  away  the  solid 
matter  deposited  in  the  basin,  the  smaller  size  undoubtedly  offers  the 
greater  certainty  of  being  kept  clean. 

Where  the  branch  piece  between  the  outlet  of  the  apparatus  and 
the  stack  outside  is  of  any  considerable  length,  the  trap  should  be 
ventilated  separately,  as  also  in  cases  where  more  closets  are  fixed  on 
one  stack,  when  each  trap  should  be  separately  ventilated  by  a  pipe 
carried  up  to  a  position  higher  than  the  upper  apparatus,  and  then 
branched  into  the  main  vent  pipe — precautions  which  are  absolutely 
necessary  to  prevent  syphonic  action  unsealing  the  traps  by  removing 
the  pressure  at  one  side  of  the  water  seal ;  and  many  cases  have  occurred 
in  which  ignorance  of  this  important  matter  has  been  the  cause  of  an 
escape  of  sewer  gas  into  a  dwelling. 

Where  lead  soil  pipes  are  connected  to  iron  or  stoneware,  a  brass 
ferrule  should  be  wiped  on  to  the  end,  to  allow  of  a  properly  caulked 
joint  being  made ;  and  all  soil  pipe  joints  should  be  made  perfectly  air- 
and  water-tight,  besides  which  it  is  sometimes  advisable  to  treat  soil 
pipes  locally,  and  disconnect  them  from  the  house  drain  or  sewer  by  a 
trap  at  the  foot,  ventilated  separately,  as  fig.  1002,  which  reduces  the  risk 
of  sewer  gas,  in  case  of  any  defects  to  internal  fittings ;  and  where  this 
is  done,  of  course  a  separate  ventilating  pipe  is  required  for  the  drains, 
irrespective  of  the  soil  pipes. 

Baths,  etc. — The  next  question  is  that  of  the  baths,  lavatories,  and 
sinks,  which  it  is  necessary  should  be  constructed  in  such  a  manner  as 
will  allow  of  themselves  and  their  surroundings  being  kept  thoroughly 
clean  and  wholesome,  provision  being  made  to  allow  of  regular  inspection 
for  cleansing  purposes,  when  these  fittings  are  enclosed  in  woodwork ; 
though  it  is  much  to  be  preferred,  from  a  sanitary  point  of  view,  that 
they  should  be  fixed  without  enclosures,  especially  sinks,  and  they 
should  also  be  clear  of  all  angles  and  ledges  where  filth  is  likely  to 
accumulate. 

The  outlet  fittings  to  these  appliances  should  be  of  the  description 
known  as  full-way  fittings,  having  an  area  of  space  through  the  holes  of 
their  grates  equal  to  or  slightly  larger  than  the  bore  of  the  waste  pipes 
fixed  to  them,  so  as  to  ensure  such  waste  pipes  being  thoroughly  flushed 
and  scoured  l^y  each  flush  sent  down  them,  bath  and  sink  waste  pipes 
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being  not  less  than  2  inches  in  diameter,  and  those  of  lavatories  i|  incn, 
with  traps  fixed  immediately  underneath  the  appliances,  and  properly 
ventilated  to  prevent  syphonage. 

Although  the  legitimate  use  of  a  bath  is  to  cleanse  the  human  body, 
its  discharge  of  from  30  to  50  gallons  of  water  can  be  utilised  with  great 
advantage  as  a  flushing  force  for  cleansing  the  drains,  as  hereinbefore 
explained,  and  for  this  reason  the  bathroom  should  be  situated  as  near 
as  possible  to  the  point  where  the  discharges  therefrom  will  act  on  the 
whole  drainage  system,  the  benefit  of  which  is  obvious  to  all ;  and  to 
utilise  this  force  properly,  it  is  absolutely  necessary  that  full-way  fittings 
and  pipes  be  used,  and  the  waste  made  to  deliver  in  the  open  air  on  to 
a  proper  disconnecting  trap  similar  to  fig.  1002,  but  with  no  inlet — the 
waste  water  discharging  on  to  the  grating ;  and  this  same  form  of  gully 
should  be  used  to  secure  lavatory  or  sink  discharges,  excepting  the  case 
of  the  latter  having  large  discharges  of  grease  likely  to  choke  the  drains, 
when  a  proper  grease  trap  should  be  fixed  in  a  position  far  enough  away, 
or  sealed  in  such  a  manner  as  not  to  be  offensive ;  but,  where  there  is 


Fig.  1002. 

not  sediment  enough  to  require  such  an  appliance,  it  should  be  flushed 
clean  through  the  above  trap  and  into  the  sewer. 

The  ordinary  yard  gully  is  an  appliance  totally  unfitted  for  the  purpose 
of  receiving  discharges  from  baths,  lavatories,  and  sinks,  as  it  is  more  of 
a  filth-collecting  and  retaining  appliance,  which  throws  off  injurious 
emanations  from  the  decomposed  matter  which  it  contains;  and,  more- 
over, when  fixed  outside,  they  are  usually  in  such  close  proximity  to  the 
house  as  to  allow  these  noxious  gases  gaining  admission  thereto,  and 
then  they  become,  practically  speaking,  small  cesspools  about  a  house. 
Anti-bell  or  adjustable  traps  (as  figs.  1003  and  1004)  should  always  be 
used,  the  latter,  as  the  name  implies,  being  capable  of  regulation  according 
to  circumstances  of  fall,  etc. 

In  dry  seasons  and  hot  weather  it  is  essential  that  the  gullies,  whether 
from  waste  or  rain  pipes,  should  be  frequently  supplied  with  water  to  main- 
tain the  proper  seal,  which  is  easily  dried  up,  and  becomes  a  great  source 
of  danger.  A  sanitarian's  aim  in  arranging  sewerage  work  should  be  to 
avoid  stagnation  and  the  consequent  accumulation  of  foul  gases   by  so 
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arranging  the  pipes  that  a  constant  current  of  fresh  air  can  be  maintained 
in  every  pipe  and  drain,  including  wastes,  overflows,  soil  pipes,  etc.,  giving 
the  principle  of  diffusion  its  fullest  extension,  and  at  the  same  time  taking 
care  that  in  no  case  shall  any  waste  or  other  such  pipe  act  as  an  inlet 
ventilator  to  the  building. 

Water  Supply. — Good  pure  water  is  naturally  most  essential  for  the 
.velfare  of  human  beings ;  and,  as  a  rule,  it  is  supplied  by  private  or  public 

odies,  so  that  it   is  only  necessary  here  to  deal  with  its  storage  and 
'  istribution.     Sometimes,  though  very  seldom,  the  water  is  on  constant 

,Tvice,  which    obviously   does  not  necessitate  any   storage   capacity   to 
-,  lard  against  a  dearth  when  the  water  is  turned  off. 

Tanks  are  used  for  this  purpose,  and  made  of  wood  lined  with  lead, 
or  of  galvanised  iron,  if  the  water  is  hard  and  heavy;  but  where  the 
water  is  soft,  either  vitrified  stoneware  or  slate  is  preferable,  as  the  soft 


Fig.  1003. 

Fig   1004. 

ater  acts  upon  the  lead,    rendering  it    injurious  and  unfit  for  drinking 

arposes. 

Care  should  be  taken  to  place  these  cisterns  in  a  position  clear  of  all 

chance  of  contamination  from   sleeping  chambers,  dust,  or  foul  air,  and 

they  should  be  covered  with  a  dust-tight  lid,  easily  removable  for  cleaning. 

The  overflow  pipes  from  cisterns  should  terminate  in  a  position  quite 

clear  of  any  waste  pipes  or  other  fittings,  and  be  in  diameter  twice  the 

rea  of  the  inlet  or  feed  pipe;  while  stop  taps  should  be  placed  in  a 

convenient  position  to  control  the  supply  both  to  and  from  the  cistern, 

all  supply  pipes  being  properly  fixed  to  wood  grounds,  kept  away  from 

exposed  places,  where  they  would  be  liable  to  be  affected  by  frost. 

It    is   also   an   important   matter,    and   one   which    oftentimes    saves 

considerable  anxiety  and  not  a  little  inconvenience  and  expense,   to  so 

arrange   the   water   supply  that    the   risk   of    freezing   is   reduced   to   a 

minimum,  and  this  may  be  effected  by  care  and  a  little  attention  when 

^  arranging   the  supplies.     First  of  all,  all   external  pipes  should  be  not 
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less  than  30  inches  below  the  surface  of  the  ground ;  and  where  they  are 
not  in  the  ground,  they  should  be  wrapped  in  thick  hair  felt  enclosed 
in  wood  pipe  casings.  On  entering  the  house  a  stop  tap  should  be 
placed  below  a  bib  tap,  so  that  all  the  water  in  the  house  can  be  drawn 
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Fig.  1005. 

off  after  the  stop  tap  is  closed ;  and  from  thence  the  pipe  should  be  run 
on  internal  walls  within  wooden  pipe  casings  to  the  cistern,  the  supply 
to  boiler  from  thence  being  fixed  in  casings  grooved  to  allow  of  the  hot 
pipes  going  in  the  same  casing,  and  yet  not  contagious  to  the  cold  supply, 
as  fig.  1005 ;  a  more  or  less  ornamental  cover  being  screwed  on  to  hide 
the  pipes. 
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APPENDIX. 

Syllabus  of  the  Subjects  in  which  Examinations  in  Building 
Construction  are  held  by  the  Department  of  Science 
AND  Art. 

[Note. — The  Department  annoioice  that  a  larger  number  of  qiiestio7is  will  be  set 
in  the  Examination  Papers  for  the  Elementary  and  Advanced  Stages  than  the 
candidate  will  be  allowed  to  atteynpt,  so  that  he  will,  to  a  certain  extent,  be 
able  to  show  his  knowledge  in  such  branches  as  he  may,  from  circu?7tstajtces, 
have  paid  special  attention  to."] 

First  Stage,  or  Elementary  Course. 

It  is  assumed  that  the  student  has  already  mastered  the  use  of  the  follow- 
ing drawing  instruments :  rulers,  ordinary  and  parallel ;  ruling  pen ; 
Compasses,  with  pen  and  pencil  bow-sweeps,  as  well  as  the  construction 
and  use  of  simple  scales,  such  as  i,  2,  3,  or  more  feet  to  the  inch,  showing 
inches  ;  or  such  as  |,  ^,  J,  f ,  f,  |,  or  other  fraction  of  full  size,  or  of  any 
given  scale  or  drawing ;  also  the  meaning  of  such  terms  as  Plan,  Elevation 
(front,  back,  or  side),  Section,  Sectional  Elevation. 

He  should  understand  the  object  of  bond  in  brickwork — i.e.,  English 
bond,  Flemish  bond,  or  English  bond  with  Flemish  facing,  and  how  it 
is  attained  in  walls  up  to  three  bricks  thick  in  the  following  instances — viz., 
footings  with  offsets,  angles  of  buildings,  connection  of  external  and  internal 
trails,  window  and  door  openings  with  reveals  and  square  jambs,  external 
gauged  arches  (camber,  segmental,  and  semi-circular),  internal  discharging 
arches  over  lintels,  and  inverted  arches. 

He  should  know  where  to  put  wood  bricks,  or  plugging,  and  their  use ; 
the  construction  and  uses  of  brick  corbelling,  and  the  construction  of 
|Hmmer  arches  in  fireplaces. 

He  should  be  able  to  give  sections  and  elevations  to  scale  of  the  follow- 
ing kinds  of  mason's  work — viz.,  uncoursed  and  coursed  rubble,  block  in 
course,  and  ashlar,  with  their  bond,  and  the  proper  dimensions  of  the 
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Stones,  as  to  height,  width  of  bed,  and  length  ;  and  of  the  following 
dressings — viz.,  window  sills,  window  and  door  jambs,  plain  window  and 
door  heads,  door  steps,  string  courses,  quoins,  copings,  common  cornices, 
blocking  courses  ;  and  of  the  following  methods  of  connecting  stones — viz., 
by  cramps,  dowels,  joggles,  and  lead  plugs. 

He  should  be  able  to  show  how  to  join  timbers  by  halving,  lapping, 
notching,  cogging,  scarfing,  fishing,  and  mortise  and  tenon  ;  as  applied  to 
wall  plates,  roof  timbers,  floors,  ceilings,  and  partitions. 

He  should  be  able  to  draw,  from  given  dimensions,  couple,  collar,  and 
king-post  roofs,  showing  the  details  of  the  framing  and  of  the  ironwork. 

He  should  be  able  to  draw,  from  given  dimensions,  single,  double,  and 
framed  floors,  with  or  without  ceilings  beneath  them  ;  showing  modes  of 
supporting,  stiffening,  and  framing  the  timbers,  trimming  round  hearths 
and  wells  of  stairs ;  also  floor  coverings  of  boards  or  battens,  rebated  and 
filleted,  ploughed  and  tongued,  and  laid  folding,  with  straight  or  broken 
joints,  bevelled  or  square  heading  joints. 

He  should  be  able  to  draw  in  elevation,  from  given  dimensions,  a  framed . 
partition  with  door  openings. 

He  should  be  able  to  draw  in  elevation,  and  give  vertical  and  horizontal: 
sections  of  solid  door  frames  and  window  frames. 

He  should  be  able  to  describe,  by  drawings,  headings  of  different  kinds, 
dovetailing,  cross-grooving,  rebating,  plough-grooving,  chamfering,  rounded, 
nosing,  and  housing. 

He  should  be  able  to  draw  in  elevation,  and  give  vertical  and  horizontal, 
sections  of,  the  following  doors, — viz.,  ledged,  ledged  and  braced,  framed  and; 
braced,  panelled,  and  the  mode  of  putting  them  together,  position  of  hinges 
and  furniture ;  as  well  as  to  describe,  by  drawing,  the  following  terms  as , 
applied  to  panelled  door — viz.,  square  and  flat,  bead  butt,  bead  flush,  ^ 
moulded,  all  on  one  or  both  sides. 

He  should  be  able  to  draw  in  elevation,  and  to  give  vertical  and , 
horizontal  sections  of  the  following  window  sashes  and  frames — viz.,  single 
or  double-hung  sashes  with  square  bevelled,  or  moulded  bars,  and  cased 
frames  ;  casement  sashes  hung  to  solid  frames,  with  method  of  hanging  and, 
securing  in  each  case. 

He  should  be  able  to  show,  in  elevation  and  section,  the  lead-work 
connected  with  chimneys,  ridges,  hips,  valleys,  gutters,  and  lead-flats. 

He  should  be  able  to  give  an  elevation  and  section  of  the  slating  of  a 
roof  laid  with  duchess  or  countess  slates  on  boards  or  battens. 

He  should  be  acquainted  with  the  proper  cross-section  for  cast  iron 
beams  for  use  in  floor  girders  or  bresummers,  or  as  cantilevers;  and  be 
able  to  draw  such  a  section  in  its  right  proportions  from  given  dimensions 
of  flanges. 

He  should  be  able  to  draw  in  elevation,  from  given  dimensions  and 
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skeleton    diagrams,    ordinary    iron  roofs  up  to  40-feet  span,  showing  the 
sections  of  different  parts,  and  methods  of  connecting  them. 

Second  Stage,  or  Advanced  Course. 

In  addition  to  the  subjects  enumerated  for  the  Elementary  Course — in 
all  of  which  questions  of  a  more  complicated  nature  may  be  set,  combining 
work  done  by  the  different  trades — the  knowledge  of  the  students  will  be 
tested  under  the  following  heads,  viz. : — 

I  St.  Freehand  sketches  explanatory  of  any  details  of  construction,  such 
as  the  joints  of  iron  and  wooden  structures,  and  other  parts  requiring 
illustration  on  an  enlarged  scale.  These  sketches  may  be  roughly  drawn, 
provided  they  are  clear  and  capable  of  being  readily  understood. 

2nd.  The  nature  of  the  stresses  to  which  the  different  parts  of  simple 
structures  are  subjected,  as  follows  : — 

In  the  case  of  beams  either  fixed  at  one  or  both  ends,  or  supported  or 
continuous,  the  student  should  know  which  parts  of  the  beam  are  in 
compression,  and  which  in  tension. 

He  should  be  acquainted  with  the  best  forms  for  struts,  ties,  and  beams, 
such  as  floor  joists,  exposed  to  transverse  stress. 

He  should  know  the  difference  in  the  strength  of  a  girder  carrying  a 
given  load  at  its  centre,  or  uniformly  distributed. 

In  the  ordinary  kinds  of  wooden  or  iron  roof  trusses,  and  framed 
structures  of  a  similar  description,  he  should  be  able  to  distinguish  members 
in  compression  from  those  in  tension. 

He  should  be  able,  in  the  case  of  a  concentrated  or  uniform  load  or  a 
part  of  a  beam  supported  at  both  ends,  to  ascertain  the  proportion  of  the 
load  transmitted  to  each  point  of  support. 

3rd.  The  nature,  application,  and  characteristic  peculiarities  of  the 
following  materials  in  ordinary  use  for  building  purposes,  viz. : — 

Bricks  of  different  kinds  in  common  use,  York,  Portland,  Caen,  and 
Bath  stones  (or  stones  of  a  similar  description),  granite,  pure  lime, 
hydraulic  lime,  Portland  and  Roman  cement,  mortars,  concretes,  grout, 
asphalte,  timber  of  different  kinds  in  common  use,  cast  and  wrought  iron, 
lead. 

4th.  Constructive  details,  as  follows  : — 

The  ordinary  methods  of  timbering  excavations,  such  as  for  foundations 
to  walls,  or  for  laying  down  sewers ;  the  erection  of  bricklayer's  and 
mason's  scaffolding;  the  construction  of  travellers;  the  use  of  piles  in 
foundations,  hoop-iron  bond  in  brickwork,  diagonal  and  herring-bone 
courses  in  ditto,  damp-proof  courses,  bond  timber  in  walls,  and  the 
objections  to  it. 

He  should  know  how  bricks  are  laid  in  hollow  walls,  window  or  door 
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openings  with  splayed  jambs,  flues,  chimneys,  fireplaces,  and  arches  up  ta 
about  2o-feet  span  ;  how  mortar  joints  are  finished  off,  and  the  thickness, 
usually  allowed  to  them ;  why  bricks  and  stones  ought  to  be  wetted  before 
being  laid. 

He  should  be  acquainted  with  the  construction  of  brick  ashlar  walls, 
rubber  ashlar  walls,  stone  stairs,  wooden  stairs  (both  dog-legged  and  open 
newel),  skylights,  fire-proof  floors  (such  as  brick  arches  supported  on  rolled 
or  cast-iron  girders,  Fox  and  Barrett's,  and  Dennett's  patent  concrete 
floors),  circular  and  egg-shaped  drains,  roofs  of  iron  or  wood,  for  spans  up 
to  60  feet ;  the  fixing  of  architraves,  linings,  and  skirtings  to  walls,  shutters 
to  windows,  lath,  plaster,  and  battening  to  walls,  roof  coverings  of  tiles  and 
zinc,  slate  ridges  and  hips. 

Examination  for  Honours. 

Written  answers  will  be  required  to  some  of  the  questions. 

The  candidate  will  have  to  furnish  a  design  for  a  building,  or  part  of  a 
building,  in  accordance  with  given  conditions,  which  design  he  will  bei 
allowed  to  draw  out  at  his  own  home. 

He  will  be  called  upon  to  answer  in  writing — illustrated  by  sketches 
either  freehand  or  to  scale,  as  directed— questions  on  all  the  subjects 
previously  enumerated  for  the  elementar}'  and  advanced  Courses. 

He  must  possess  a  more  complete  knowledge  of  building  materials,  their  "  { 
application,  strength,  and  how  to  judge  of  their  quahty ;  and  in  the  case  of'  . 
iron,  of  the  processes  of  manufacture,  and  the  points  to  be  attended  to  in  1 
order  to  insure  sound  castings,  and  good  riveting. 

He  must  be  able  to  solve  simple  problems  in  the  theory  of  construction, 
and  to  determine  the  safe  dimensions  of  iron  or  wooden  beams  subjected 
to  dead  loads. 

In  ordinary  roof  trusses  and  framed  structures  of  a  similar  description,  he 
must  be  able  to  trace  the  stresses,  brought  into  action  by  the  loads,  from 
the  points  of  application  to  the  points  of  support,  as  well  as  to  determine 
the  nature  and  amount  of  the  stresses  on  the  diff'erent  members  of  the  truss, 
and,  consequently,  the  quantity  of  material  required  in  each  part. 

In  ordinary  walls  and  retaining  walls  he  must  be  able  to  ascertain  the 
conditions  necessary  to  stability,' neglecting  the  strength  of  the  mortar. 
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A  BUTMENTS,  32 

Adamantine  clinkers,  7 
Adamant  plaster,  337 
Adamantine,  337 
Advantages  and  disadvantages — 

of   methods    to    prevent    damp, 
etc. 

of  various  floors,  100 

of  slates  and  tiles,  209 
Agglomerate,  367 
Aggregate,  367 
Air- 
amount  required,  404 

circulation  of,  405 

cooling  of,  407 

heating  of,  407 

pumps,  408 

requirements  of  authorities,  405 

supply  of  fresh,  406 

supply  to  fires,  405 
■>   Alkalies  in  bricks,  2 
Mum,  334 
.:umina,  2,  365 
American — 

oak,  97 

pine,  95 

walnut,  98 
Anderson  s  fibrous  asphalte,  57 
Angle  braces,  156 
Angle  buildings,  to  shore,  355 

ties,  156 
Angles  in  bricks,  20     26 

plaster,  336 

stone,  79,  80 
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Angles — 

beaded  and  tongued,  223 

intersecting  brick,  27 

irregular  brick,  24—26 

key-mitred,  224 

mitred,  223 

mitred  and  tongued,  223 

staflf-beaded,  224 

tongued,  222 
Angus-Smith's  coating,  410 
Annealing,  166 
Annular  or  annual  rings,  8S 
Apex,  80 
Apoenite,  368 
Apron  lining,  3T9 
Aprons  in  lead,  195 
Arch  bricks,  9 

bond  of,  40 
Arches  — 

terms  of,  32 

axed,  38 

cambered,  34 

common,  38 

discharging,  36 

Dutch,  37 

elliptical,  34 

equilateral,  35 

flat,  34 

four-centred,  35 

French,  37 

Gothic,  35 

groined,  36 

inverted,  38 

relieving,  36 

rough,  38 

rubber-brick,  3S 

scheme,  34 
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Arches  {continued)  ^^ 

Bars  of  iron  (continued^y-^ 

segmental,  33 

puddled,  166 

semicircular,  34 

Basebed,  64 

straight,  35 

Bases,  339 

three-centred,  35 

Bastard  roach,  64 

trimmer,  45 

stucco,  337 

Tudor,  35 

Bathstone — 

Archangel  deal,  95 

Box,  63 

Architraves,  288 

Combe  Down,  63 

double-faced,  288 

Corngrit,  63 

Area  walls,  52 

Corsham,  63 

Arithmetical  calculations,  3S1 

Farleigh  Down,  63 

Artificial  stones — 

■  Monk's  Park,  63 

Apoenite,  368 

Westwood  Ground,  63 

Ransome's,  368 

Winsley,  63 

Victoria,  368 

Baths,  417 

Ash,  98 

Bats,  15 

Ashlar,  68,  337 

Battens,  94 

Asphalte,  Claridge's,  363 

Battening,  205,  335 

damp-courses,  etc.,  57 

Bay-window  angles,  24,  25 

Limmer,  57 

Bays- 

Seyssel,  363 

case,  112 

Val-de-Travers,  363 

tail,  112 

Astragal  and  hollow  moulded  sashes,  277 

Beads- 

Automatic  flushing,  414 

butt,  255 

Axed  arches,  38 

cock,  231 

Axed  stone-facing,  69 

flush,  255 

quirk,  231 

return,  231 

B 

staff,  231 

Bead  butt  doors,  255 

flush  doors,  255 

■pACKS  for  malm,  3 
,  windows,  32,  290 

Beaded  angles,  223         , 

joints,  233 

Backs  of  arches,  32 

Bead  joint,  pointing,  44 

of  slates  or  tiles,  205 

Beam,  straining,  148 

Back  flaps,  300 

Beams,  flitched,  117^ 

• linings,  273 

Beams,  trussed,  117 

Backings,  235,  270        ^' 

Bearing  strain,  372 

Balk  timber,  94 

Bed,  natural,  59 

Balusters,  305,  317 

Bed  of  slates,  205 

Balustrades,  78 

Bedding  tiles  and  slates,  209 

Band  hinges,  243 

Beech,  98 

Bangor  slates,  204 

Bessemer  steel,  168 

Barefaced  tenons,  222 

Best  bar-iron,  etc.,  167 

Bars  for  condensation,  326 

Bevelled  joints,  138 

Bars  of  iron — 

halving,  107 

Best  or  B,  167 

haunching,  235 

Best  Best,  BB,  167 

headings,  121 

Best  Best  Best,  BBB,  167 

Binders,  no,  113,  114,  116, 

merchant,  167 

Birch,  98 
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Birdsmouth  angles,  8 
Birdsmouth  quoins,  80 
Black  bricks,  7 
Blind-space,  294,  295 
Blister  steel,  168 
Blocks  for  invert,  353 
Blocks  for  hoisting,  360 
Block  in  course,  69 
Blocking,  coarse,  78 
Blockings,  to  stain,  314 
Blocked  struts,  185 
Bloom,  166 
Blue  sap,  88 
Blue  bricks,  7 

damp  courses,  57 

facing,  54 

Boards  for  lead,  161 

lear,  160,  161 

poling,  348 

scaffolding,  356 

snow,  162 

valley,  157 

Boasted  work,  69 

Boiling  timber,  92 

Boiled  oil,  340 

Bolection  mouldings,  232 

moulded  doors,  256 

Bolsover  stone,  64 

Bolts- 
king,  150 
ragged,  182 

Bolts  versus  rivets,  172 

Bonders,  65 

Bond  of  arches,  40 

bricks  :  see  Brick  Angles 

chimney,  17,  50 

double  Flemish,  17 

English,  17,  30 

garden  wall,  18 

Flemish  double,  17,  31 

single,  17 

Flemish  garden  wall,  18 

flues,  50 

heading,  16 

raking,  18 

■ diagonal,  18 

herring-bone,  18 

single  Flemish,  17 

stretching,  17 

Bond  of  slates,  207 

Borax,  334 


Borrowed  lights,  287 
Bossing  lead,  188 
Bottle-nosed  drips,  199 
Bottom  rails,  252 

of  skylights,  325 

Boucherie's  patent,  94 
Box  ground  stone,  63 
Boxings,  272,  295 
Boxing  shutters,  295,  etc. 
Braby's  glazing  bar,  342 

Italian  roofing,  200 

Braces — 

angle,  156 

in  partitions,  125,  131 

for  scaffolding,  356 
Bracketing,  Scotch,  338 

to  stairs,  314 

wood,  338 

Bramley  Fall  stone,  61 
Brandering,  335 
Breaking  load,  371 
Breeze  bricks,  7 
Brick  earths,  3 
Bricks — 

adamantine,  7 

angle,  20—26 

arch,  9 

birdsmouth,  8 

black,  7 

blue,  7 

breeze,  7 

buUnose,  8 

burrs,  5 

camber,  10 

Candy's,  10 

Cant's,  8 

Chuff^s,  5 

circular,  9 

compass,  9 

concrete,  7 

Dinas,  6 

dressed,  8 

dust,  7 

Dutch  clinker,  7 

elliptical,  10 

Fareham,  7 

firebricks,  6 

Gannista,  6 

gault,  6 

glazed,  6 

good, 5 
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Bricks  [continued) — 

Bridle  joints,  146                                      '   ' 

grizzles,  5 

British  patent  glazing,  342 

Guismuyda,  6 

polished  plate  glass,  34I 

hand-made,  4 

Broached  work,  70 

jamb  bricks,  9 

Broad  pointing,  42 

Lees  Moor  bricks, 

6 

Built  girders,  167 

machine-made,  4 

Bulged  struts,  185 

malms,  6 

Bull-nosed  angles,  8 

moulded,  il 

steps,  306,  321 

Nuneaton,  7 

Bumettising,  93 

place,  5 

Burning  bricks,  5 

plinth,  9 

in  lead,  198 

pressed,  8 

Bumtwood  stone,  61 

rubber,  7 

Burrs,  5 

samels,  5 

Butting  joints,  145 

sand-moulded,  4 

Button  rivets,  172 

slop-moulded,  4 

Buttoning,  318,  319 

soap  bricks,  1 1 

Buxton  lime,  333 

sound  bricks,  5 

split,  II 

squint,  8 

C 

Staffordshire,  7 

stocks,  6 

string,  9 

r^  AEN  stone,  64 

^-^     Calculations  of  strains- 

Suffolk,  6 

Thompson's,  6 

concentrated    loads    on    cantilevers 

Woodville,  7 

381 

Brick  angles,  20—26 

girders,  387 

acute,  26 

distinct  loads  on  cantilevers,  384 

bay  window,  25 

girders,  390 

irregular,  25,  26 

uniform  loads  on  cantilevers,  384 

obtuse,  25 

^ girders,  388 

Brick  arches  :  see  Arches 

roofs,  394,  etc. 

bond  :  see  Bond 

unsymmetrical  loads  on  roofs,  401 

cores,  28 

Camber,  145 

earths,  2 

bricks,  10 

fenders,  28 

on  wood  roofs,  145 

flues,  50 

on  iron  roofs,  187 

footings,  19 

,  difference  made  by,  398 

intersecting  walls. 

27 

Cambered  arch,  34 

r  nogging,  124 

Candy's  bricks,  7 

,  manufacture  of,  3 

Cants,  8 

piers,  27 

Cantilevers,  166 

reveals,  29 — 31 

,  strains  on  :  see  CALCULATIONS 

sleepers,  28 

Carbolineum  Avenarius,  71,  94 

Brick  9-in.  or  i -brick  Vy 

•alls,  20,  23,  29,  30 

Carbon  in  cast  iron,  164 

14-in.  or  i^  ,, 

„       20,  22,  30,  31 

chemical  mixture,  164 

'  l8-in.  or  2    ,, 

„       20,  23,  27,  31 

mechanical  mixture,  164 

22-in.  or  2^  ,, 

„      21,  23 

in  steel,  164 

j^rick-nogged  partitions, 

124 

in  wrought  iron,  164 

Bridging  joists,  99 

Carpentry  defined,  86 
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Carnages,  314—320 
Carton  Pierre,  339 
Casehay,  112 
Cased  frames,  272 

,  parts  of,  272 

mullions,  278 

Casements  and  frames — 

one-light,  280 

two-light,  286 

four-light,  287 

fasteners,  281 

French,  284 

hung  to  open — 

inwards,  280 

outwards,  282 

on  centres,  283 

as  hoppers,  282 

■ folding,  287 

hit  and  miss,  284 

pivoted,  283 

sliding,  283 

in  lanterns,  331 
Casings — 

to  doors,  261 

double  rebated,  265 

keyed,  260 

loose  rebated,  266,  268 

panelled,  267 

plain,  264 

single  rebated,  265 

skeleton,  266 
Cast  iron,  165 

lead,  188 

steel,  168 

Cast  iron — 

annealing,  166 

chairs,  1 81 

characteristics,  165 

columns,  169 

good,  165 

grey,  165 

guttering,  158 

malleable,  166 

manufacture,  166 

in  roofs,  178 

softening,  166 

strength,  165 

white,  165 
Cavetto  moulding,  232 
Cavity  walls,  53 
Cedar  felt.  106 


Cefn  stone,  62 
Ceilings — 

beams,  136 

joists,  113,  116,  136 

lights,  332 

ventilation,  407 
Cement — 

Keene's,  334 

Martin's,  334 

Parian,  334 

Portland,  338,  365 

Roman,  366 

selenitic,  366 

damp  courses,  55 

fillets,  209 
Cementing  walls,  55 
Centring,  345 
Centre-nailed  slating,  207 
Cesspools — 

drains,  408 

lead,  195 

wood,  161 
Chain  riveting,  174 
Chair  rail,  271 

Chalk  in  foundations,  351,  365 
Chambers  for  inspections,  413 

as  inlets,  413 

as  air  outlets,  413 

Chamfer,  233 
Chamfered  doors,  256 

stop  chamfered,  256 
Characteristics  of  good — 

cast  iron,  165 

common  bricks,  6 

cements,  365 

firebricks,  6 

limes,  365 

limestones,  62 

rivet  iron,  170 

rubber  bricks,  7 

sandstone,  61 

slates,  202 

steel,  167,  168 

tiles,  209 

timber,  89 

wrought  iron,  166,  167 
Charring  timber,  93 
Chase  mortice,  113 
Check  throat,  58 
Cheeks,  125 
Chemical  mixture  of  carbon,  164 
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Chilmark-stone,  64 
Chimney  bars,  46 

bond,  17 

Chiselled  work,  69 
Chopped  facing,  69 
Christiana  deals,  95 
Chuffs,  5 

Circular  bricks,  9 
Circular  sewers,  352 

stairs,  85 

Circular-headed  sashes,  279 

sash  frames,  279 

Clamping,  227 

mitre,  227 

Clamps,  5,  366 
Claridge's  asphalte,  363 
Clay,  360,  364 

foul,  3 

limy,  3 

loamy,  3 

marly,  3 

mild,  3 

plastic,  3 

pure,  3 

sandy,  3 

strong,  3 
Cleansed  face,  70 
Cleats,  144,  178 
Clips  for  glass,  327 

zinc,  200 

Close  covers,  413 
Close  lagging,  346 
Closers,  15 

king,  15 

queen,  15 
Closets,  water,  416 
Cluster-fruited  oak,  96 
Coach  screws,  177,  186 
Coarse  stuff,  334 
Cocked  head,  231 
Cogging,  107 
Cogged  joints,  109,  142 
Cold  short  iron,  167 
Collar  roofs,  137,  152 
Colouring,  339 
Combed  face,  69 
Combination  roofs,  150 — 152 
Common  rafters,  135 
Compact  limestones,  62 
Compass  bricks,  9 
Compression,  joints  for,  140,  180 


Concentrated  loads,  371,  381,  etc. 
Concentrated  and  distributed,  375 
Concrete  bricks,  7 

floors,  214 

mixing,  367 

proportions,  367 

pumice,  216 

Condensation  bars,  326 
Conical  rivets,  172 
Consoles,  158 
Constant  water  supply,  419 
Contraction  of  iron,  167,  171 

preparation  for,  183 
Cooling  iron,  168 

steel,  168 

Cooling  fresh  air,  407 
Coombe  Down  stone,  63 
Copings,  58,  80 
Copper  clips,  327 
Corbelling,  51 
Cord  for  sashes,  272,  277 

scaffolding,  356 

Core  brick,  28 

handrail,  85 

Coring  flues,  50 
Corngrit  stone,  63 
Cornices,  78,  337 
Corrosion  of  iron,  169 
Corrugated  tiles,  211 

zinc,  199 

Corsham  stone,  63 
Cotch-stones,  238 
Cottars,  145,  182 
Countersunk  rivets,  1 72 
Counter  lathing,  335 
Countess  slates,  205,  207 
Couple  roofs,  135 

close  roofs,  137 

Coupling  screws,  186 

Cover  flashings,  194 

Covers  to  manholes,  close,  413 

open,  413 

Covering  to  roof,  188,  etc. 
Covering  to  stone  for  protection,  70 
Cowls  for  soil  pipes,  41  \ 
Craigleith  stone,  61 
Cramps,  81 
Cranes,  360 
Creasing  "tile,"  58 
Creosoting,  93 
Crich  lime,  333 
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Cross — 

garnets,  244 

Hogging,  105 

tonguing,  120,  226 

tongued  headings,  I2i 

ties,  187 
Crown  of  arches,  32 
Culverts,  353 
Cup  rivets,  172 
Cup  shakes,  89 
Curbs  to  skylights  in  slates,  324 

in  tiles,  324 

Curtail  steps,  306,  321 
Cut  pointing,  42 

strings,  321 

and  mitred  strings,  321 

Cyma  recta  mouldings,  232 
Cyma   reversa  do.,  232 


"TVADOES,  269 

-*-^     Damp  and  its  prevention,  etc.,  52 

Damp-proof  courses,  57 

Dantzic  timber,  95 

Dead  loads,  371 

Deal- 
Norwegian,  95 
Red,  94 
Russian,  95 
Swedish,  95 
White,  94 
Yellow,  94 

Deals,  size  of,  94 

Defects  in  timber,  89,  90 

Dennet's  fire-proof  floor,  215 

Depetor,  337 

Derbyshire  stone,  6 1 

Derricks,  360 

Diagonal  bond,  18 

boarding,  122 

ties,  186 

Dinas  bricks,  6 

Dinging,  42 

Disadvantages :  see  Advantages 

Discharging  arches,  36 

Distance  of  lead  under  slates,  194 

of  drips  for  lead,  195 

of  wells  for  lead,  192 


Distempering,  339 

Distributed  loads,  371,  384,  etc. 

Distributed  and  concentrated  loads,  375 

Doatiness,  90 

Dogs,  354 

Dog-legged  stairs,  309 

Dolomites,  64 

Doors — 

braced,  244 

double-margined,  261 

dwarf,  260 

framed,  ledged,  and  braced,  246 

folding,  261 
jib,  260 

ledged,  243 

panelled  :  see  PANELLED  DoORS 

sash,  250 

sliding,  260 
Door  casings  :  see  Casings  to  Doors 
Door  frames — 

segmental-headed,  237 

semi-circular,  237 

square  or  flat,  237 
Door  irons,  239 
Door  jambs,  236 
Dormers,  156 
Double— 

-eaves  courses,  207 

-faced  architraves,  288 

-faced  skirtings,  270 

Flemish  bond,  17 

floors,  106,  no,  122 

lath,  334 

margined  doors,  161 

rebated  casings,  265 

riveting,  173 

sunk  sills,  276 

tenons,  222,  252 
Doulton  &  Peto's  fire-proof  floor,  21S 
Dovetails  in  lead,  81 
Dovetailing — 

common,  226 

lap,  226 

mitre,  226 

secret,  226 
Dovetailed  halving,  136 

notch,  107 

Dowels,  82,  142 
Dowels  and  mortices,  238 
Dowelled  flooring,  120 
Drafted  and  broached  face,  70 
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Drafted  and  broached  diamond  picked 

70 
Dragged  face,  69 
Dragons,  156 
Drainage — 

house,  408 

sewer,  408 

various  systems  — 
cesspools,  415 
sub-irrigation,  416 
surface  irrigation,  416 
Drain  pipes — 

flushing,  414 

glass-lined,  410 

glazed,  socketed,  410 

gradients,  41 1 

jointing,  411 

shape  of  pipes,  410 

tests  for — 

peppermint,  411 
smoke,  411 
water,  411 
ventilation,  413 
Dram  timber,  95 
Draughts — 

down,  405 

prevention  of,  405 

up,  405 
Dressed  bricks,  8 
Driers,  340 

Drilled  rivet  holes,  173 
Drips,  160,  195 

,  bottle-nosed,  199 

Dry  area  walls,  52 
Dry  dip,  6 

rot,  93 

Drying  bricks,  4 
Duchess  slates,  206,  2C  7 
Duraline,  344 
Duramen,  88 
Dust  bricks,  7 
Dutch  arches,  37 
Dutch  clinkers,  7 
Dwarf  doors,  260 
Dwelling,  a  model,  403 


E 

AVES,  158;  159,  i6o 
boarding.  158 
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Eaves  course,  78 

double,  207 

tilter,  156 

Egg-shaped  sewers,  353 

,  proportions  of,  353 

Elasticity  of  wrought  iron,  167 

steel,  168 

Elbow  linings,  290,  294 
Elland  edge  stone,  61 
Elliptical  arches,  34 

bricks,  10 

Elm  and  its  properties,  g5 
Elm  pads,  51 

palettes,  51 

Elongation  of  iron,  167,  170 
Encallowing,  3 

Enclosures  to  sanitary  fittings,  417 
Engert  &  Rolfe's  asphalte,  57 
English  bond,  17 

compared  with  Flemish  bond,  17 

English  garden  wall  bond,  18 

English  oak  and  its  properties  and  uses,  96 

English  cluster-fruited  oak,  96 

stalk-fruited  oak,  96 

Enrichments  in  plastering,  339 
Equilateral  arch,  35 
Equilibrium  in  strains,  372 
Expansion  of  iron,  167 

,  how  to  prepare  for,  183 

Extractors  for  ventilation,  407 

,  gas  as,  407 

,  warmth  as,  407 

Extrados  of  arches,  32 


371 


191 


TJ^  ACE  of  arch,  32 

Factor  of  safety. 
Factors  of  safety,  383 
Falls  of  drains,  41 1 

gutters,  160 

for  lead  and  zinc 

False  headers,  18,  22 
Fans  to  circulate  air,  406 
Fanlights,  248 

hoppers,  249 

hung  on  centres,  250 

pivoted,  251 
Fareham  bricks,  7 
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Farleigh  Down  stone,  63 
Fascia,  158 
Fascines,  351 
Fat  lime,  333,  339.  364 
Fatigue  of  iron,  167 
Fawcett's  fire-proof  floors,  2  t  5 
Feather-edged  coping,  81 
Feldspar,  364 
Felt  in  oak,  88 
Fender  walls,  28 
Fibrous  plaster,  339 
Figure  in  oak,  88 
Fillistered  flooring,  121 
FinestuflT,  335 
Finger-plates,  252 
Finishings  to  doors,  361 

windows,  290,  etc. 

Fire,  air  required  for,  405 
Fire-bricks,  6 

Dinas,  6 

Lees  Moor,  6 

Canister,  6 

Guismuyda,  6 
Fireplaces,  etc.,  46 
Fire- proof  floors,  213 

Adamant  Company's,  218 

Banks's,  218a 

Carlisle,  2iSa 

common,  214 

concrete  for,  215 

Dennett's,  215 

Doulton  &  Peto's,  218 

Fawcett's,  215 

Fox  &  Barrett's,  215 

Homan  &  Rodgers",  216 

Hornblower's,  216 

Lindsay's,  216 

Measure's,  217 

Moreland's,  217 

Northcroft's,  217 

Pease's,  2i8(J 

Picking's,  2i8<5 

Potter's,  2 1 8a 

stone  for,  213 

^Vhichcord's,  218 
Fire-proof  partitions,  218c 
Fished  joints  in  iron  and  wood, 
Five-panel  doors,  251 
Fixed  sashes,  278 
Flanges  of  girders,  165 
,  strains  on,  383 


138 


Flare  kilns,  366 
Flashings — 
cover,  194 
step,  196 
Flats,  161,  191 
Flat  arches,  34 
Flatting,  339 
Flemish  bond — 
double,  17 
garden  wall,  i3 
single,  17 
Fliers,  306 
Flights,  305 
Flitches,  117,  154 
Flitch  girders,  177 
Floating  coat,  344 
Flooring — 

dowelled,  1 20 

fillistered,  121 

folding,  122 

grooved  and  tongued,  iiS 

iron-tongued,  118 

ploughed  and  tongued,  121 

rebated,  119 

and  filleted,  120 

grooved  and  tongued,  119 

secret,  120 
straight  joint,  1 18 
Floors — 

advantages  and  disadvantages,  100 
double,  no 
framed,  114 
joints,  107,  etc. 
naked,  99 
single,  99 
sub,  122 
Fluate,  63 
Flues,  50 

Flushing  drains,  411 
amount  of,  414 
automatic,  414 
necessity  for,  414 
Fluxes  in  bricks,  2 
Flying  shores,  355 
Folding  doors,  201 

flooring,  122 

Footings  to  walls,  19 
Forces,  polygon  of,  394,  4c  I 

triangle  of,  394 

Forest  of  Dean  stone,  6i 
Forge  pig  iron,  164.  166 
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Forms  of  resistance,  379 
Foul  air,  404 
Foul  clay,  3 
Foundations,  347 

chalk,  351 

clay,  350 

fascines,  351 

good,  348 

gravel,  348 

how  to  test,  348 

nature  of,  348 

piling,  351 

points  to  be  observed  and   guarded 
against,  348 

rock,  348 

sand,  349,  351 

shoring,  349 
Foundry  pig  iron,  164 
Four-centred  arch,  35 

light  casements,  287 

panelled  doors,  251 

Fox  and  Barrett's  floors,  215 
Fox-wedging,  228 
Foxiness,  90 
Fractures  in  cast  iron,  165 

in  wrought  iron — 

gradual,  167 
sudden,  167 
Framed  centres,  345 

doors,  346 

floors,  1 14 

ledged  and  braced  doors,  246 

partitions,  123,  124 

structures,  strains  on,  394,  etc. 

French  arch,  37 

casements,  284 

Frieze  rail,  252 

stone,  78 

Frog  in  bricks,  4 
Full-torching,  208 
Funicular,  401 
Furniture,  252 


r^ABER'Sscaff-olds,  358 
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Gables,  155,  157 


Galls,  rind,  90 
Gallic  acid,  97 
Galvanising  iron,  169 
Ganlster  bricks,  6 


Garden  wall  bond,  18 

English,  18 

Flemish,  18 

Garnets,  cross,  244 

Gas  jets  as  extractors,  407 

Gauge  for  joiners,  235 

of  slates,  205 

zinc,  199 

Gauged-work  in  plaster,  336 
Gault  bricks,  6 
Gefle  timber,  97 
Geometrical  stairs,  310 
Gibs,  145,  182 
Girders — 

continuous,  376 

fixed,  376 

and  supported,  377 

flitched,  117 

in  iron,  165,  167 

in  wood,  114,  116 

iron,  116,  117 

protection  from  fire,  218 

strains  on  :  see  Calculations 

supported,  376 

trussed,  117 

wood,  114 
Glass- 
British  polished  plate,  34I 

crown,  341 

plate,  polished,  341 

rough,  341 

polished  plate,  341 

rough  cast,  341 

plate,  341 

sheet,  341 

weight  and  kinds,  341 
Glass-lined  pipes,  410 
Glazed  bricks,  manufacture  of,  6 

socketed  piping,  410 

Glazing,  341 
Glazing  patents — 

Braby's,  342 

British,  342 

Grover's,  342 

Helliwell's,  344 

Pennycook,  343 

Rendle's,  344 
Glued  and  blocked  joints,  224. 

steps,  312 

•'  Go  "  of  stairs,  305 
Good  bricks,  5 
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Good  cast  iron,  165 

cement,  365 

I firebricks,  6 

lime,  365 

limestones,  62 

rivet  iron,  170 

sand  stone,  61 

slates,  202 

steel,  168 

tiles,  209 

timber,  89 

wrought  iron,  167 

Gothic  arches,  35 

Gradient  of  drains,  410 

Grain  of  oak  silver,  88 

Graining,  340 

Granite,  364 

Granular  limestones,  62 

Graphic  calculations,  381 

Gravel,  348 

Grease  traps,  415 

Greenheart,  97 

Grey  cast  iron,  164 

Grey  stone  lime,  365 

Grizzles,  5 

Groined  arches,  36 

Grooved  and  tongued  flooring,  iiS 

Ground  floors,  100 

Grounds,  framed,  234 

splayed,  233 

Grouting,  41 

Grover's  patent  glazing,  342 
Growth  of  trees,  88 
Guismuyda  bricks,  6 
Gullies,  418 
Gunstock  styles,  260 
Guttering,  cast  iron,  158,  159 
Gutters — 

lead,  100 

secret,  198 

trough,  161 

how  to  lay  boards  for  lead  in,  161 
Guy  ropes,  358 


JJACKS,  5 

Hair  mortar,  334 
Half-round  coping,  58 


Half-space  landing,  305 
Halving  in  joints  — 
bevelled,  107 
dovetailed,  136 
Hammer-dressed,  79 
Hammered  rivets,  172 
Handmade  bricks,  4 
Handrails,  305 

height  of,  316 

moulded,  316,  317 

mopstick,  310 

toad's  back,  316 

Hangers  for  spouting,  159 
Hardwoods,  87 

Hartley's  rough-rolled  glass,  341 
Haunch  of  arch,  32 
Haunched  tenon,  221 
Haunchirg,  235 
Head- 
cast  iron,  for  trusses,  140 
of  partitions,  125 
of  slates,  205 
stone,  74 
Header  bricks,  14 

,  snap  or  false,  18 

Heading  bond,  16 
Heading — 

bevelled,  121 
cross-tongued,  121 
joints,  121 

rebated  and  tongued,  12 1 
tongued,  121 
Heart  shakes,  90 
Heel  joints,  146 

straps,  146 

Helli well's  glazing,  344 
Herring-bone  band,  18 

strutting,  105 

Hinges,  band,  243 

Parliament,  302 

tee,  244 

Hip  rafters,  155 

Hips  in  lead,  190 

Hit-and-miss  casements,  284 

Hoisting  stone  tackle,  35 

HoUington  stone,  62 

Hollow  walls,  52,  55 

Homan  &  Rodgers'  flooring,  216 

Honduras  mahogany,  97 

Honeycomb  walls,  28 

Hoods  in  stone,  77 
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Hoop-iron  bond,  51 

tongued  floors,  118 

Hopper  casements,  282 

fanlights,  249 

Hopton-wood  stone,  64 
Homblower's  flooring,  216 
Horsing  up  centres,  346 
Hot  short  iron,  167 
House  drains,  408 
Housed  joints,  224 

tenons,  222 

Housing,  224 
Howley  Park  stone,  6r 
Hung  folding,  287 

on  centres,  250 

to  open  inwards,  2S0 

Hung  to  open  outwards,  282 
Hydraulic  lime,  365 
Hygean  rock,  54 


TGNEOUS  rock,  364 
■^     Imperial  slates,  205 
Inbonds,  76 
Inlet  ventilators,  406 
Inside  linings,  272 
Inspection  chambers,  413 

as  inlets,  413 

position,  413 

Intersecting  brick  angles,  27 
Interties,  128,  154 
Intrados  of  arches,  33 
Invert  arches,  38 
Invert  blocks,  353 
Iron — 

annealing,  166 
bars:  167 

binders,  116,  117,  122 
cast:  see  Cast  Iron. 
castings  for  roof,  151 
cold  short,  167 
columns,  169,  1S3 
contraction  of,  167,  171 
elasticity  of,  167 
elongation  of,  167,  171 
expansion  of,  167 
fatigue  of,  167 


Iron  (continued^-' 

girders,  167 

hot  short,  167 

in  bricks,  2 

malleable,  166 

manufacture  of,  165,  165 

pig :  see  Pig  Iron 

protection  from  fire,  169,  214 

puddled  bars,  166 

puddling,  167 

rivet,  170 

roofs,  176 

rolling,  167 

shingling,  166 

softening,  166 

straps,  129,  130,  144 

strength  of  cast,  165 

wrought,  167 

wrought :  see  Wrought  Iron 

tank?,  416 

tongued  flooring,  18 

roofs,  cast  iron  in,  151 

details  of,  1 77,  etc. 

wrought  iron  in,  177 

Iron  and  wood  floors  compared,  122 
Irregular  angles  in  bricks,  24,  25.  26 
Irrigation,  sub-,  416 

surface,  416 

Italian  roofing,  Braby's,  200 

zinc,  200 

Italian  tiles  for  roofing,  212 
walnut,  98 


JACK  rafters,  155 
Jamb  bricks,  9 

splayed,  29 

to  door  frames,  236 

linings,  289 

stones,  75 

Janus  water  bar,  288 

Jenny,  361 

Jib  doors,  260 

Joggles,  82 

Joinery  defined,  86,  219 

Joints  — 

at  angles  :  see  Angles 

bevelled,  137 
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Joints  {continued) — 

Kick  in  bricks,  4 

bridled,  146 

Kilns  flare,  366 

butting,  145 

tunnel,  366 

cogged,  109,  142 

Kingbolt,  150,  151 

coupling,  186 

King  closers,  15 

dovetailed  :  see  Dovetailing 

King-post  trusses,  128,  142,  146 

drainpipe,  410 

details  of,  144 

fished,  138,  174 

rule  for,  143 

glued  and  blocked,  224 

trussed  partitions,  12$ 

heel,  146 

Kneeler,  81 

housed,  224 

Knots  in  timber,  89 

joggle,  82 

Knotting,  340 

jump,  174 

Kyanising,  94 

keyed,  139,  227,  2?9 

king  truss,  144,  145 

lap,  144,  174 

L 

mortise,  220 

queen  truss,  149 

rebated,  82 

T   ABELS,  77 

-*^     Ladies'  slates,  205 

riveted  :  see  Riveted  Joints 

rule  joint,  298 

Laggings,  345 

saddled,  %i 

Laid-in  mouldings,  230 

scarfs  :  see^  139,  140,  141 

Lamb's-tongue  moulding,  249,  27 

screwed,  186 

Landings  for  stairs,  305,  318 

scribed,  228 

half-space,  305 

soil  pipe,  41 1 

quarter-space,  305 

strut  and  beam,  151 

Lanterns,  hipped,  330 

tabled,  83,  139 

on  flats,  331 

tenon :  see  Tenons 

Lanterns  on  roofs,  186,  328,  330 

tongued  :  see  Tongued  Angles 

Lap  carpentry  joints,  141 

Joists— 

dovetails,  226 

bridging,  99,  I12,  116 

joints  in  foundations,  348 

ceiling,  113,  116,  136 

of  slates,  205,  206 

trimmed,  104 

of  tiles,  210 

trimmer,  104 

Lapping,  141 

trimming,  104 

Larrying,  41 

Jump  joints,  174 

Latches,  244 

Lath,  334 

and  half,  334 

K 

double,  334 

Lathing,  336 

Lath,  plaster,  float  and  set,  336 

T^AWRIEpine,  96 

Keene's  cement,  334 

Laying  boards  for  lead,  161 

floor  boards,  119,  120 

Kerfs,  3 

Lead  aprons,  195 

Ketton  stone,  64 

around  chimney,  196 

Key  of  arch,  33 

boards  for,  161 

Keys  and  keying,  227,  237 

bossing,  188 

Keyed,  224 

cesspools,  195 

■ casings,  266 

cover  flashings,  194 

joints,  139 

damp-proof  courses,  57 

433 

Lead  distance  under  slates,  194 

dots,  198 

drips,  19s 

falls  for,  191 

• flashings,  194,  196 

flats,  191 

gutters,  192 

hips,  190 

lined  tanks,  419 

plugs,  198 

raglets  for,  198 

red,  339 

ridges,  189 

rolls,  192,  193 

saddle  pieces,  190 

secret  gutters,  198 

skylights,  325 

soakers,  196 

specification  for,  188 

step  flashings,  196 

tingles,  198 

valleys,  190 

weight  of,  188 

welts,  198 

white,  339 

Leaf  for  doors,  261 

for  woods,  87 

Lear  boards,  156,  160,  161 
Ledged  and  braced  doors,  244 

doors,  243 

Ledgers,  356 
Lees  Moor  bricks,  6 
Lewises,  362 
Lias  lime,  365 
Lifting  shutters,  302 
Lime — 

Buxton,  333 

Crich,  333 

fat,  333.  339'  364 

hydraulic,  365 

in  bricks,  2 

lias,  365 

poor,  364 

pure,  333 
Limestones — 

compact,  62 

granular,  62 

magnesian,  64 

shelly,  64 
Limewhite,  339 
Limit  of  elasticity,  167 
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Limmer  asphalte,  363 

Limy  clay,  3 

Lindsay's  fire-proof  flooring,  216 

Linen  panels,  258 

Linings — 

inside,  272 

jamb,  289 

outside,  272 

panelled,  293 

plain,  289 

sofiite,  292 

splayed,  293 

to  back,  273 

to  doors  :  see  Casings 

to  elbow,  290,  294 

to  windows,  289,  etc. 
Linseed-oil,  boiled,  339,  340 

raw,  339,  340 

Loads — 

breaking,  371 

concentrated,  371,  375,  381 

dead,  371 

distributed,  372 

distributed  and  concentrated, 

live,  371 

location  of,  375 

safe,  371 

uniform,  372 

unsymmetrical,  40 1 

working,  371 
Loamy  clay,  3 
Lockrail,  252 

height  of,  252 

Long  tongues,  227 
Loose  beads,  249,  341 

ground,  348 

rebates  to  casing,  266,  268 

LouvreS;  186,  332 


■jV/f  ACHINE-MADE  bricks,  4 
■^^■''     McNeill's  asphalte,  57 
Magnesia  in  bricks,  2 
Magnesian  limestones,  64 
Mahogany,  Honduras,  97 

Spanish,  98 

Malleable  iron,  166 
Malm,  3 
Malms,  6 


375 


' 
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Manganese  in  bricks,  2 
Manholes  for  inspection,  413 
Mansard  roofs,  154 
Mansfield  stone,  red,  61 

,  white,  61 

Manufacture  of  bricks,  3 

of  cast  iron,  165 

of  cement,  365 

of  lime,  365 

of  steel,  168 

of  tiles,  209 

of  wrought  iron,  167 

Marble,  367 
Marchioness  slates,  205 
Margin  of  slates  on  tiles,  205 
Marginal  sashes,  279 
Marly  clay,  3 
Martin's  cement,  334 
Match-boarding,  269 
beaded,  233 

both  sides,  233 

plain,  233 
V-jointed,  233 
Matlock-bridge  stone,  61 
Matrix,  367 

Measure's  fire-proof  floor,  217 
Mechanical  mixture  of  carbon,  ] 
Medullary  rays,  88 
Meeting  styles,  261 
Memel,  94 
Merchant  bar,  167 
Mica,  364 

Mica-flap  ventilators,  407 
Middle  rail,  252 
Mild  clay,  3 

steel,  168 

Milled  lead,  188 
Minus  threads,  186 
Mitre  clamping,  227 
Mitred  angles,  223 

dovetails,  226 

• and  tongued  angles,  223 

Mitres,  233 
Model  dwelling,  403 
Monkeys,  352 
lonk's  Park  stone,  63 
Mopstick  handrail,  316 
Morland's  fire-proof  floor,  217 
Mortar-hair,  334 
Mortars,  366 

proportions,  366 
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Mortise,  chase,  113 
Mortises,  237 

Moulded  both  sides,  doors,  255 
Moulded  bricks,  ii 
Moulded  handrail,  316 
Mouldings — 

beads  :  see  Beads 

Bolection,  232 

Cavetto,  232 

chamfer,  233 

cjnna  recta,  232 

cyma  reversa,  232 

laid-in,  330 

ogee,  232 

ovolo,  231 

planted,  230 

quirk  ovolo,  232 

Scotia,  232 

stuck,  230 

torus,  231 
Mullions,  cased,  278 

stone,  76 

Muntins,  252 


ATAKED  floors,  99 

^         Natural  bed  for  stone,  59 

seasoning  timber,  90 

Neckings,  78 

Needles,  356 

New  work  for  paint,  340 

Newels,  304,  317 

New  Zealand  pine,  96 

Nippers  for  stone,  361 

Nogging- piece,  125 

Norfolk  latches,  244 

Northcroft's  fire-proof  floors,  217 

Norwegian  deal,  95 

Nosings,  230,  304 

Notching,  107 

dovetailed,  107 

Nuneaton  blue  bricks,  7 


O 


AK— 

American,  97 
cluster,  96 


■ 
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Oak  {continKecf)— 

English,  96 

stalk,  96 

Stettin,  97 

wainscot,  97 
Offsets,  19 
Ogee  moulding,  232 
Oil  in  paint :  see  Linseed,  339 
Oldwork  for  paint,  340 
Onega  deals,^5 
Open  covers  to  chambers,  413 

newel  stairs,  310 

slating,  209 

string,  321 

Oregon  pine,  96 

Origin  of  members  in  roof  trusses,  133 

Outbonds,  76 

Outlet  ventilators,  407 

Outside  linings,  272 

Oversailing  courses,  5 1 

Ovolo  moulding,  231 

quirked,  232 

Oxide  paint,  340 
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p)ADS  or  palettes,  51 
-*■       Padstones  142 
Painting,  339 

iron  and  steel,  169 

Pan  rivets,  172 

Pan  tiles,  21 1 

Panels  :  see  Panelled  Doors 

Panelled  casirvgs,  267 

door  lining  :  see  Castings 

-Panelled  doors — 

bead  butt,  255 

flush,  255 

• bolection,  256 

• chamfered,  256 

• double-margined,  261 

five-panelled,  251 

folding,  21 

four-panelled,  251 

linen-panelled,  258 

moulded  and  square,  255 

moulded  both  sides,  255 

moulded,  raised,  and  sunk,  25S 

• raised  panels,  258 


Panelled  doors  {contintied) — 

raised  and  sunk  panels,  258 

sash  doors,  259 

six-panelled,  251 

■ square-framed,  254 

stop-chamfered,  256 

shutters  :  see  Shutters 

window      lining  :      see     Window 
Linings 
Papier  mache,  339 
Parapet  walls,  78 
Pargetting  flues,  50 
Parian  cement,  334 
Parkspring  stone,  61 
Parliament  hinges,  302 
Parting  bead,  273 

slip,  273 

Partitions— 

bricknogged,  124 

framed,  123,  124 

quartered,  123,  124 

sizes  for,  loi 

studded,  123,  124 

trussed,  123,  127,  154 
Patent  glazing  :  see  Glazing 
Pearlash,  334 
Peastones,  63 
Pendants,  318 
Penmaenmaur  stone,  368 
Pennycook  glazing,  343 
Penrhyn  slates,  204 
Perching  timber,  90,  91 
Permanent  set,  167 
Peter's  carbolineum,  71,  94 
Petersburg  deal,  95 
Phosphorus  in  iron,  167 
Piers  in  bricks,  27 
Pig  iron,  164 

forge,  164 

foundry,  164 

origin  of  term  and  manufacture,  164 

Piles,  351,  352 
Pile  drivers,  351 

shoes,  352 

Piling,  351 
Pine :  see  Deal 

American,  95 

Kawrie,  96 

New  Zealand,  96 

Oregon,  96 

pitch,  96 


INDEX. 


4|i 


Pine  {contlmu'f)^ 

Quebec,  96 

St.  John's,  96 

yellow,  95 
Pins  in  shoring,  356 
Pipes  — 

Angus-Smith  coated,  410 

falls  for,  411 

glass-lined,  410 

glazed  socketed,  410 

soil,  416 
Pisolites,  63 
Pitch  of  rivets,  173 

of  roofs,  132,  143 

of  slates,  132 

of  tiles,  132,  209 

Pitch-pine,  96 
Pivoted  casements,  283 

fanlights,  251 

Place  bricks,  5 
Plain-cut  quoins,  79 
Plain  linings  to  doors,  264. 

to  windoves,  289 

Planks,  size  of,  94 
Planted  mouldings,  230 
Plaster-of- Paris,  333,  366 
Plaster  work,  333 
Plastering,  333 
Plastic  clay,  3 
Plate  glass,  341 
Plinth  blocks,  273 

bricks,  9 

Plinths  in  stone,  72 
Ploughed  and  tongued,  121 
Plugs  and  plugging,  233 
Plumbings,  15 
Plus  threads,  186 
Pocket  pieces,  275 
Pointed  faces,  70 
Pointing — 

bead  joint,  44 

broad,  42 

cut,  42 

rule,  43 

straight  joint,  42 

struck  joint,  42 
tuck,  44 
V-jointed,  43 
weather,  42 
Poles  for  scaffolding,  356 
Poling  boards,  348 


Polished  face,  70 

plate  glass,  34 

Polled-face,  70 
Polygon  of  forces,  394 
Poor  lime,  364 
Portland  cement — 

artificial,  365 

coolness  of,  365 

manufacture  of,  365 

natural,  365 

storage  of,  366 

strength  of,  366 

weight  of,  366 
Portland  stone — 

basebed,  64 

bastard  roach,  64 

roach  bed,  64 

white  bed,  64 
Portmadoc  slates,  204 
Posts  in  partitions,  125 
Preservation  of  timber,  92 
Pressed  bricks,  8 
Pricking  up  coat,  334 
Priming,  339 
Princesses,  148 
Princess  slates,  205 
Principal  rafters,  142,  144,  146,  148 
Principals :  see  Trusses 
Process  of  slating,  206,  207 
Proportions     of     ingredients     in     pain 
340 

concrete,  367 

mortar,  366 

Protection  of  iron  and  steel,  169 

Puddled  bars,  166 

Puddling,  166 

Pugging  floors,  105 

Pulley  styles,  272 

Pulleys,  273 

Pumice  concrete,  216 

Pumice  stone  for  painting,  340 

Punched  rivet-holes,  172 

Punched  work,  69 

Puncheons,  154 

Pure  clay,  3 

Pure  lime,  333 

Purlins,  138,  144,  154 

Putlogs,  356 

Putty,  344 

Putty  lime,  333,  335 

Puzzolana,  369 
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QUADRUPLE  riveting,  173 
Quarry  bed,  59 
Quartered  partitions,  123,  124 
Quarter-space  landings,  305 
Quartz,  364 
Quebec  pine,  96 
Queen  closers,  15 

trusses,  148 

flat,  152 

joints  of,  149 

rule  for,  148 

strains  on,  154 

Queens,  148 

Queen-trussed  partitions,  128 
Quirks,  336 
Quirk  bead,  231 

ovolo,  232 

Quoin  bricks,  1 1 
Quoins — 

birdsmouth,  80 

chiselled,  79 

drafted  and  broached,  79 

and  diamond  picked,  79 

panelled,  80 

plain-cut,  79 

rock-faced,  79 

rusticated,  79 

scuntion,  80 

squint,  80 

tooled,  79 

vermiculated,  79 


B 


"p  AFTERS,  13s 

common,  135 

hip,  15s 

' jack,  156 

principal,  142,  144,  146,  148 

valley,  156,  157 

Ragged  bolts,  132 

Raglets,  198 

Rails  of  doors,  etc.,  246,  252 

bottom,  252 

frieze,  252 

lock,  252 

height  of,  252 
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Rails  of  middle,  252 

top,  252 

Raised  and  sunk  panels,  258 

panels,  258 

Raking  bond,  18 

diagonal,  18 

herring-bone,  28 

Ramps,  313 
Rams,  351 
Random  rubble,  66 
Ransome's  patent  stone,  36S 
Raw  linseed  oil,  340 
Rays,  medullary,  88 
Reaction,  372 
Reactions,  various  loads,  372 

on  cantilevers,  375 

on  girders,  373,  etc. 

on  roof  trusses,  394,  401 

Rebated  and  tongued  flooring,  119 

and  filleted  flooring,  120 

headings,  121 

drips,  160 

flooring,  119 

joints  in  stone,  82 

Rebates,  238 
Reciprocals,  396,  397 
Red  deal,  94 

fir,  94 

lead,  339 

Reeding,  231 
Relieving  arch,  36 
Render,  float- and-set,  334 
Rendering  boat,  334 

slates,  209 

Rendle's  glazing,  344 
Requirements  of  authorities  for  air, 
Return  bead,  224,  231 
Revealed  mullions,  76 
Reveals,  29,  30,  31 
Ridges,  135 

lead,  189 

slate,  208 

wood,  135 

Riga  timber,  95 
Rind  galls,  90 
Rings,  annual,  88 
Rise  of  arches,  33 

iron  roofs,  187 

lead  flats,  161 

slated  roofs,  132,  143 

steps,  306,  307 


^ 


404 
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Rise  of  tiled  roofs,  132,  143 

Rolling  iron,  167 

wood  roofs,  132,  143 

Rolls  distant  apart,  192 

Risers,  304 

for  lead,  192,  193 

Rivet  iron,  good  characteristics,  170 

for  zinc,  200 

Rivets- 

Roman  cement  and  its  characteristics, 

button,  172 

Roof  coverings- 

conical,  172 

lead,  188 

counter-sunk,  172 

slate,  200 

cup,  172 

tiles,  209 

hammered,  172 

zinc,  199 

pan,  172 

Roof  trusses — 

pitch  of,  173 

distances  apart,  142 

size  of,  173 

origin  of  members,  132,  133,  13^] 

snap,  172 

pitches  of,  143 

staff,  172 

positions  for,  142 

Rivets  versus  bolts,  1 72 

varieties — 

Riveted  joints- 

collar,  137,  152 

butt,  173 

combination,  150,  151,  152 

fished  double,  173 

couple,  135 

quadruple,  173 

couple  close,  136 

single,  173 

king  post,  142,  146 

triple,  173 

mansard,  154 

jump,  174 

•  queen  post,  148 

lap  double,  174 

queen  post  flat,  152 

quadruple,  173 

Rot,  dry,  93 

single,  173 

treatment  for,  93 

triple,  173 

wet,  93 

compared  vnth  solid,  175 

Rough  arches,  38 

Riveting — 

cast,  337,  341 

chain,  174 

Rough-rolled  glass,  341 

double,  173 

Rubbed  and  gauged  arches,  38 

hand,  171 

Rubbed  face,  70 

compared  with  machine,  172 

Rubber  bricks,  7 

machine,  171 

Rubble  walls,  65 

quadruple,  1 73 

coursed,  68 

triple,  173 

random,  66 

zigzag,  174 

up  to  courses,  66 

Roach  bed,  64 

squared  or  coursed,  68 

Robin  Hood  stone,  61 

snecked,  67 

Robinson's  cement,  337 

uncoursed,  67 

Rock- 

up  to  courses,  67 

argillaceous,  2CX) 

Rule  joint  pointing,  43 

facing,  69 

Rule  joints,  298 

igneous,  364 

Rules  for  brick  bond,  15 

Rocky  foundations,  348 

Rules  for  floors  — 

Rods- 

double,  114 

king,  150 

framed,  116 

queen,  179 

single,  109 

suspension,  178,  i8l 

Rules  for  roofs — 

tie,  180 

iron,  187 

Roestones,  63,  64 

king,  143 

30 

366 
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Rules  for  roofs  {contintud) — 

queen,  148 
Rules  for  slating  and  tiling,  206 

for  stairs  and  steps,  307 

for  stone  ashlar,  68 

Runcorn  stone,  62 
Running  sand,  351 
Russian  deals,  95 
Rusticated  quoins,  79 
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O  ADDLEBACK  coping,  38 

*^     joints,  83 

Saddlepiece  in  lead,  190 
Safe  load,  371 
Safety  factor,  371 

factors,  383 

Samels,  5 
Sand,  333 

Sand-moulded  bricks,  4 
Sandstones,  60 
Sandy  clay,  3 

Sandy  foundations,  349,  35 1 
Sap,  88 
Sash- 
bars,  232 

cords,  272,  277 

doors,  259 

fasteners,  279 

rails,  273 

styles,  273 

weights,  272 
Sash  frames — 

circular-headed,  279 

parts  of,  272,  273 

segment-headed,  279 

square,  279 

Venetian,  278 
Sashes — 

circular,  279 

double-hung,  273 

fixed,  278 

marginal,  279 

parts  of,  272,  273 

single-hung,  273,  275 
Scabbled  face,  69 
Scaffolding,  356 
. gabers,  358 


Scaffolding,  ordinary,  356 

Scagliola,  337 

Scappled  face,  69 

Scarfs  for  compression,  14a 

for  tension,  139 

for  transverse,  140 

Schemearch,  24 

Scintling,  4 

Scotch  bracketing,  338 

Scotgate  ashstone,  61 

Scotia  moulding,  232 

Screeds,  334 

Screws,  coach,  177,  186 
coupling,  186 

Scribed  housing.  228 

Scribing,  228,  278 

Scuntion  quoins,  80 

Scutched  face,  70 

Seasoning  timber  — 
natural  process,  90 

steaming ,  92 

water ,  92 

Secret  dovetails,  226 

gutters,  198 

Secret-nailed  flooring,  120 
Segmental  arches,  33 

sashes,  279 

and  frames,  279 

Selenetic  cement,  337,  366 
Semicircular  arches,  34 
Septa,  transverse,  88 
Serpentine,  368 
Set-permanent,  167 
Setting-coat,  334 
Sewers — 

circular,  352 
culverts,  353 
drains,  410 
egg-shaped,  353 
traps,  408 
Seyssel  asphalte,  363 
Shakes  in  timber,  89 

in  cup,  89 

in  heart,  90 

in  star,  90 

Shape  of  drains,  410 
Shaped  backings,  325 
Shear  l^s,  358 
Shear  steel  "double."  168 

"single,"  168 

Shearing  strain,  371 
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Shearing  strain  on  rivets,  170 
Sheet-glass,  341 
Sheeting,  349 
Shelly  limestones,  64 
Shingling  iron,  166 
Shoes — 

cast  iron  in  roof,  151 

for  piles,  352 
Shoring — 

angle  buildings,  354 

buildings,  354,  355 

foundations,  349 

flying  shores,  355 
Short  iron,  "cold,"  167 

"hot,"  167 

Shouldering  slating,  208 
Shoulders  of  tenons.  125 
Shutters — 

boxing,  295 

details  of  various  kinds,  295 

external,  302 

folding,  295 

lifting,  302 

shop,  302 

sliding,  302 
Siemens  steel,  168 
Siemens-Martin  steel,  168 
Silicated  stone,  368 
Silicia,  2,  365 
SUls,  73,  125 

double-sunk,  276 

stone,  73 

straining  sill,  148 
Silvered  grain  in  oak,  88 
Single  Flemish  bond,  17 

floors,  99 

rules  for,  109 

lath,  334 

rebated  door  casings,  264 

riveting,  173,  175 

"Shear,"  168 

Sinks,  415 

Six-panelled  doors,  253 
Size  of  rivets,  173 
Size  of  slates,  205 
Skeleton  casings,  266 
Skewbacks,  33 
Skirtings,  270 

double-moulded,  270 

Skylights — 

bottom-rails,  323 


Skylights  {continued) — 

varieties  and  their  details,  321,  etc. 
Slaked  lime,  333,  335,  365 
Slates,  200 

back  of,  205 

Bangor,  204 

bed  of,  205 

characteristics,  202 

countess,  205 

damp  courses,  57 

duchess,  206 

gauge  of,  206 

good,  202 

head  of,  205 

lap  of,  205,  206 

margin  of,  205 

—  -  Penrhyn,  204 

pitch  of,  132 

Portmadoc,  204 

ridge,  208 

sizes  of,  205 

stone,  204 

tail  of,  205 

tanks,  416 

Welsh,  204 

Westmoreland,  203 

Whitland  Abbey,  204 

varieties  of,  205 

Slating— 

bedding,  209 

bond  of,  207 

centre-nailed,  207 

countess,  207 

duchess,  207 

open,  209 

process  of,  206,  207 

rendered,  209 

shouldered,  208 

topnailed,  207 

torched,  208 
Sleeper  walls,  28 
Sliding  casements,  283 

doors,  261 

shutters,  302 

Slip  feather,  227 
Slop-moulded  bricks,  4 
Smelting,  164,  188 
Snap  headers,  18,  22 
Snap  rivets,  172 
Snccked  rubble,  coursed,  68 
incoursed,  67 
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Snecked  rubble,  up  to  courses,  67 

Snow  boards,  162 

Soakers,  196 

Soap  bricks,  il 

Soderham  timber,  95 

Soffite  of  arch,  33 

of  boarding,  158 

^— —  of  casings,  267 

lining,  293 

Softening  iron,  166 
Soil  pipes — 

glass-lined,  41 '/ 

lead,  417 

ventilators,  417 
Solder,  195 
Soldered  dots,  198 
Solid  frames  :  see  Casements 

stem,  105 

steps,  83 
Sound  boarding,  105 

bricks,  5 

Span  of  arch,  33 
Spandril  steps,  83 
Spandrils  or  arches,  33 
Spanish  mahogany,  97 
Specification  for  lead,  188 

for  new  painting,  340 

'         for  old  painting,  340 
Spink  well  stone,  61 
Splayed  jambs,  29 

linings,  292 

reveals,  29.  etc. 

Split  bricks,  1 1 

Spouting,  158,  159 

Spring  steel,  168 

Springers,  33,  80 

Springing  line,  33 

Squared  rubble  :  see  Snecked 

Square-framed  doors,  254 

and  moulded,  255 

Squint  angles  in  brick,  8 

quoins,  80 

Staff  beaded  angle,  224,  231 
Staff  rivets,  172 
Staircases,  303 
Stairs — 

details  01,  312,  322 

dog-legged,  309 

geometrical,  310 

open-newelled,  310 

rules  for,  307 


Stairs  [continued) — 

solid  steps,  83,  322 

spandril  steps,  83,  322 

stone  steps,  83,  85 

straight,  308 

terms  in  use,  304 

wreathed,  310 
Stalk-fruited  oak.  96 
Star  shakes,  90 
Steaming  timber,  92 
Steel- 
Bessemer,  168 

blister,  168 

cast,  168 

corrosion  of,  169 

double  shear,  168 

elasticity  of,  168 

manufacture  of,  168 

mild,  168 

protection  of,  169 

qualities  of,  168 

shear,  168 

double,  168 

Siemens,  168 

Siemens-Martin,  168 

single,  168 

spring,  168 

strength  of,  167 

tempering,  168 

tool,  168 

Whit  worth's,  168 
Stemming,  pieces,  125 

solid,  105 

Step  flashing,  196 
Steps  :  see  Stairs 
Stettin  oak,  97 
Stirrup  straps,  114,  145 
Stock  bricks,  6 
Stone — 

limestones,  various,  62 

rubble, 65,  72 

sandstones, 60 

walling,  65 

work  and  details  generally,  72,  85 
Stone  slates,  204 
Stoolings,  73 

Stop-chamfered  doors,  256 
Stop  lead,  273 
Stopping  for  paint,  340 
Storage  of  cement,  366 
of  water,  419 
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Straight  arches,  34 

Sub- floors,  122 

joint  flooring,  118 

irrigation,  416 

pointing,  42 

Suflblk  bricks,  6 

Straight  stairs,  308 

Sulphate  of  lime,  366 

Straining  beam,  148 

Sulphur  in  iron,  167 

sill,  148 

Surbase,  271 

Strains,  examples  of  varieties,  381,  etc. 

Suspension  rods,  178,  181,  184 

see  Calculation 

Swan-necks,  183 

Straps,  heel,  146 

Swedish  timber,  95 

Straps,  stirrup,  145 

Sycamore,  98 

Strength  of— 

Syphonage,  418 

cast  iron,  65 

Szerelmy's  stone-covering  solution,  71 

fir,  95 

limestone,  62 

T 

Memel,  95 

oak,  96 

'HP ABLE  for  iron  roofs,  187 
•^      Tabled  joints,  83,  139 

sandstones,  60 

steel,  67 

Tail  bay,  112 

wrought  iron,  67 

of  slates,  205 

Stresses- 

Tanks  for  water,  419 

bearing,  372 

Tar  damp  courses,  57 

compressive,  391 

Taylor's  roofing  tiles,  211 

shearing,  371 

Teak,  97 

tensile,  371 

Tempering  clay,  3 

transverse,  372 

steel,  168 

Stretcher  bricks,  14 

Tenons,  125,  237 

Stretching  bond,  17 

barefaced,  222 

String  courses,  58 

double,  222 

Strings,  304 

haunched,  221 

,  cut.  321 

housed,  222 

cut  and  mitred,  321 

stub,  125 

open,  321 

stump,  222 

outer,  314,  321 

tusk,  109,  126,  148,  156 

stone,  78 

Tensile  stress,  371 

wall,  304,  312 

Tension,  370 

Strong-clay,  3 

joints,  180 

Struck  joint  pointing,  42 

rods,  180 

Strut  and  beam  joints,  151 

Terra-cotta— 

Struts  bulged  and  blocked,  185 

colour  of,  368 

in  iron,  151,  184 

manufacture  of,  368 

in  wood,  147,  144,  145 

qualities  of,  368 

Strutting,  105 

uses  for,  368 

Stub  tenons,  125 

Tests  for  drains— 

Stucco,  bastard,  337 

peppermint,  411 

,  trowelled,  335,  337 

smoke,  411 

Stuck  moulding,  230 

water,  411 

Studded  partitions,  123,  124 

Thompson's  bricks,  6 

Studding,  124 

Threads — 

Studs,  125 

minus,  186 

Stump  tenons,  112 

Threads,  plus,  186 

Styles,  246,  252 

Three-centred  arch,  34 
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Three-coat  work,  334 
Three-quarter  bonders,  65 
Throating,  73 
Through  bonders,  65 
Ties- 
angle,  156 

beams,  133,  142 

cross,  187 

diagonal,  186 

dragon,  156 

rods,  180 
Tiles- 
advantages  and  disadvantages  of,  209 

corrugated,  211 

creasing,  58 

good  characteristics  of,  209 

Italian,  212 

pan,  211 

pitch  of,  132,  209 

qualities  of,  209 

size  of,  209 

Taylor's,  211 

Wade  and  Cherry's,  211 
Tile  and  half,  211 
Tiling,  209 
Tilter,  156,  160 
Timber- 
balk,  94 

boiling  and  steaming  of,  92 

characteristics  of  good,  89 

Dantzic,  95 

defects,  89 

good  timber,  89 

growth  of,  88 

Memel,  94 

perching  of,  91 

preservation  of,  92 

Riga,  95 

rot  in,  93 

sap  in,  89 

seasoning  of,  90 

strength  of,  95 

unevenness  of  colour  of,  90 

varieties  of,  87 
Tingles,  198 
Tisbury  stone,  64 
Toads-back  handrail,  316 
Tobin  ventilators,  406 
Tongue — 

cross,  226 

long,  276 


Tongued  angles,  222,  293 
flooring,  118 

headings,  121 

Tooled  face,  70 
Tool  steel,  168 
Top-nailed  slating,  207 
Top  rails,  252 

Top  ventilation,  411 

Torching,  208 

Torus  moulded  skirting,  23 1 

moulding,  231 

Transom,  76 

Transverse,  scarfs  for,  140 
,  septa,  88 

stress,  372 

Trap,  368 
Traps — 

requirements  of,  409 

uses  of,  409 
Travellers,  360 
Treads,  304 

Trees,  ventilation  up,  414 
Triangle  of  forces,  394 
Trimmed  joists,  104 
Trimmer  arches,  45 

joists,  104,  317,  319 

Trimming,  103,  104,  317,  319 

joists,  104 

Triple  riveting,  173 
Trough  gutters,  161 
Trowelled  stucco,  335 
Trussed  girders,  or  beams,  1 1 7, 
partitions,  127 

purlins,  154 

Trusses  :  see  Roofs 
Tuck  pointing,  44 
Tudor  arch,  55 
Tunnel  kilns,  366 
Turning  piece,  243,  345 
Turpentine,  339 
Turret  steps,  85 

Tusk  tenon,  109,  126,  148,  156 
Two-coafplasteiing,  334 
Two-light  windows,  286 


T  TLEABURG  timber,  95 
^^       Underpinning,  362 
Undersetting,  362 
Unsymmetrical  loading,  401 


118,  15 
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Upcasts,  407 
Up  draughts,  405 


V  JOINTS,  233 
V-joint  boundary,  233 

pointing,  43 

Val-de-travers  asphalte,  363 
Valleys,  lead,  190 

wood,  156,  157 

Valve  W.C.  apparatus,  416 
Varnish,  339 

Vectors,  401 
Vehicles,  339 
Velocity  of  air,  407 
Venetian  sashes,  278 
Ventilation  of — 
drains,  413 
rooms,  406 
soil  pipes,  413 
Ventilation  by  fans,  406 
Ventilation — 

advantages  and  disadvantages,  405 

at  ceiling  level,  406 

at  intermediate  levels,  406 

at  skirting ,  406 

extractors,  407 
flues,  407 
inlets,  407 
outlets,  407 
pipes,  407 
up  trees,  414 
warmth  in,  407 
window,  276,  406 
Ventilators — 
external,  406 
mica-flap,  407 
Tobin,  406 
Verge  pointing,  209 
Vermiculated  quoins,  79 
Victoria  stone,  369 
Voussoir  of  arches,  33 


W 

"^ITADE  and  Cherry  tiles,  211 
^  ^      Wainscot  oak,  97 
Walings,  349 


Wall  plates,  I35»  etc 
Walls,  hollow,  55 
Walnut,  American,  98 

Italian,  98 

Warmth  in  ventilation,  407 
Wash-down  closets,  413 

Wash-out .  413 

Water  bars,  288 
Water  seasoning,  92 
Water  supply,  419 
cisterns,  419 
overflow  pipes,  420 
storage,  419 
risk  of  freezing,  420 
Waterclosets — 
valve,  416 
wash-down,  416 
wash-out,  416 
Weather  boards,  288 
Weather  pointing,  42 
Weatherings,  76,  78,  81 
Webs  of  girders,  165 
Wedges,  194,  237,  3^3 
1    Wedging,  fox,  228 
Weight  of  glass,  341 

of  lead,  188 

of  timber,  95,  96 

Weights  of  sashes,  272 

Welsh  slates,  204 

Welts  for  lead,  198 

Westmoreland  slates,  203 

Westwood  stone,  63 

Wet  rot,  93 

Whichcord's  fireproof  flooring,  218 

Whinstone,  368 

Whitbed,  64 

White  cast  iron,  164 

deal,  94 

lead,  339 

Whitening,  339 
Whitewashing,  339 
Whitland  Abbey  slates,  204 
Width  of  stairs,  307 

of  treads,  306,  307 

Windledges,  46 

Window  backs,  32,  289,  290 

boards,  288 

fastenings,  279,  281 

finishings,  290,  etc. 

linings,  289,  etc. 

Window  shuttersj  295 
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Window  shutters  {continued) — 

ventilation  through,  276 
Winders  in  stairs,  306,  308,  312,  319 
Winsley  ground  stone,  63 
Withes,  50 
Wood  bracketing,  338 

bricks,  51 

floors,  99 

roofs,  132,  etc. 

Wood  and  iron  floors  compared,  122 
Woodville  bricks,  7 
Working  load,  371 
Wreathed  stairs,  310,  320 
Wrought  iron — 

bars  :  see 

characteristics  of,  167 

elasticity  of,  167,  170 

elongation  of,  167,  170 

fatigue  of,  167 

fractures  in,  167 

hangers  and  straps,  129,  130,  144 

manufacture  of,  166 

protection  of,  169 

puddling,  166 

rolling,  167 

roofs  in,  176 

shingling,  166 


Wrought  iron  {continued)- 
strength  of,  167 
welding,  167 


'VT'ARD  gullies,  418 
Yellow  deal,  94 

pine,  95 

Yorkshire  stone,  61 


Z 

7IGZAG  riveting,  174 
^     Zinc,  199 

Braby's,  200 

clips,  2CX) 

corrugated,  199 

gauge,  199 

Italian  roofing,  200 

ridges,  200 

rolls,  2CX) 

roofs,  199 

sheets,  199 
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students."—  Builder. 

LIGHT:   An   Introduction  to  the  Science  of  Optics.     Designed  for  the 

Use  of  Students  of  Architecture,  Engineering,  and  other  Applied  Sciences.     By  E. 

Wyndham    Tarn,    M.A.,    Author  of   "The   Science  of  Building,"  etc.     i2mo, 

1^.  6d.,  cloth. 

"  The  principal  facts  of  the  subject  are  clearly  set  forth  in  this  useful  volume,  and  students  with 

a  good  knowledge  of  elementary  mathematics  will  find  little  difficulty  in  mastering  all  that  appear 

in  this  book." — Glasgow  Herald. 
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D.  K.  Clark's  Pochet-Booh  for  Mechanical  Engineers. 

THE     MECHANICAL      ENGINEER'S      POCKET-BOOK    of 

Tables,  Formulae,  Rules,  and  Data  :  A  Handy  Book  of  Reference  for  Daily  Use 
in  Engineering  Practice.  By  D.  Kinnear  Clark,  M.  Inst.  C.E.,  Author  of 
"Railway  Machinery,"  '*  Tramways,"  &c.  Third  Edition,  Revised.  Small  8vo, 
700  pages,  6s.  bound  in  flexible  leather  cover,  rounded  corners. 

Summary  of  Contents. 

Mathematical  Tables.— Measurement  of  Surfaces  and  Solids. — English  Weights  and 
Measures. — French  Metric  Weights  and  Measures. — Foreign  Weights  and  Measures. — 
Moneys.— Specific  Gravity,  Weight  and  Volume. — Manufactured  Metals. — Steel  Pipes.^ 
Bolts  and  Nuts. — Sundry  Articles  in  Wrought  and  Cast  Iron,  Copper,  Brass,  Lead,  Tin, 
Zinc. — Strength  of  Materials. — Strength  of  Timber.— Strength  of  Cast  Iron.— Strength 
OP  Wrought  Iron.— Strength  of  Steel.— Tensile  Strength  of  Copper,  Lead,  etc. — Resist- 
ance of  Stones  and  other  Building  Materials. — Riveted  Joints  in  Boiler  Plates. — Boilhr 
Shells. — Wire  Ropes  and  Hemp  Ropes. — Chains  and  Chain  Cables. — Framing. — Hardness  of 
Metals,  Alloys  and  Stones. — Labour  of  Animals.— Mechanical  Principles.— Gravity  and  Fall 
OF  Bodies. — Accelerating  and  Retarding  Forces. — Mill  Gearing,  Shafting,  &c. — Transmission 
ok  Motive  Power. — Heat. — Combustion:  Fuels. — Warming,  Ventilation,  Cooking  Stoves. — 
Steam. — Steam  Engines  and  Boilers. — Railways. — Tramways. — Steam  Ships. — Pumping  Steam 
Engines  and  Pumps. — Coal  Gas,  Gas  Engines,  &c. — Air  in  Motion.— Compressed  Air.— Hot  Air 
Engines. — Water  Power.— Speed  of  Cutting  Tools.— Colours.— Electrical  Engineering. 

*^*  Opinions  of  the  Press. 

"Mr.  Clark  manifests  what  is  an  innate  perception  of  what  is  likely  to  be  useful  in  a  pocket- 
book,  and  he  is  really  unrivalled  in  the  art  of  condensation.  Very  requently  we  find  the  information 
on  a  given  subject  is  supplied  by  giving  a  summary  description  of  an  experiment,  and  a  statement  of 
the  results  obtained.  There  is  a  very  excellent  steam  table,  occupying  five-and-a-half  pages;  and  there 
are  rules  given  for  several  calculations,  which  rules  cannot  be  found  in  other  pocket-books,  as,  for 
example,  that  on  page  497,  for  getting  at  the  quantity  of  water  in  the  shape  of  priming  in  any  known 
weight  of  steam.  It  is  very  difficuh  to  hit  upon  any  mechanical  engineering  subject  concerning 
which  this  work  supplies  no  information,  and  the  excellent  index  at  the  end  adds  to  its  utility.  In 
one  word,  it  is  an  exceedingly  handy  and  efficient  tool,  possessed  of  which  the  engineer  will  be 
saved  many  a  wearisome  calculation,  or  yet  more  wearisome  hunt  through  various  text-books  and 
treatises,  and,  as  such,  we  can  heartily  recommend  it  to  our  readers,  who  must  not  run  away  with 
the  idea  that  Mr.  Clark's  Pocket-book  is  only  Molesworth  in  another  form.  On  the  contrary,  each 
contains  what  is  not  to  be  found  in  the  other;  and  Mr.  Clark  takes  more  room  and  deais  at  more 
length  with  many  subjects  than  Molesworth  possibly  could." — The  Engineer. 

'*  It  would  be  found  difficult  to  compress  more  matter  within  a  similar  compass,  or  produce  a  book  of 
650  pai;es  which  should  be  more  compact  or  convenient  for  pocket  reference.  .  .  .  Will  be  appre- 
ciated by  mechanical  engineers  of  all  c^sl'as.g?,."—  Practical  Engineer. 

"  Just  the  kind  of  work  that  practical  men  require  to  have  near  to  them." — English  Mechanic, 


CROSBY  LOCKWOOD  &>»  SON'S  CATALOGUE. 


MR.    HUTTON'S    PRACTICAL    HANDBOOKS. 


Handbook  for  Works'  Managers. 

THE   WORKS'    MANAGER'S    HANDBOOK  of  Modem  Rules, 

Tables,  and  Data.  For  Engineers,  Millwrights,  and  Boiler  Makers  ;  Tool  Makers, 
Machinists,  and  Metal  Workers  ;  Iron  and  Brass  Founders,  &c.  By  W.  S.  Hutton, 
Civil  and  Mechanical  Engineer,  Author  of  "The  Practical  Engineer's  Handbook.*' 
Fifth  Edition,  carefully  Revised,  with  Additions.  In  One  handsome  Volume, 
medium  8vo,  price  15J.  strongly  bound. 

IS^  The  Author  having  compiled  Rules  and  Data  for  his  own  use  in  a  great  variety 
of  modern  engineering  work,  and  having  fozind  his  notes  extremely  useful,  decided  to 
publish  them — revised  to  date — believing  that  a  practical  work,  stated  to  the  DAILY  RE- 
QUiREMENTS  OF  MODERN  ENGINEERS,  xvould  be  favotcrably  received. 

*^*  Opinions  of  the  Press. 

"Of  this  edition  we  may  repeat  the  appreciative  remarks  we  made  upon  the  first  and  third.  Since 
the  appearance  of  the  latter  very  considerable  modifications  have  been  made,  although  the  total  number 
of  pages  remains  almost  the  same.  It  is  a  very  useful  collection  of  rules,  tables,  and  workshop  and 
drawing  office  data." — The  Engineer,  May  10,  1895. 

*•  The  author  treats  every  subject  from  the  point  of  view  of  one  who  has  collected  workshop  notes  for 
application  in  workshop  practice,  rather  than  from  the  theoretical  or  literary  aspect.  The  volume  contains 
a  great  deal  of  that  kind  of  information  wliich  is  gained  only  by  practical  experience,  and  is  seldom  written 
in  books." — The  Engineer,  June  5,  1885. 

"  The  volume  is  an  exceedingly  useful  one,  brimful  with  engineers'  notes,  memoranda,  and  rules,  and 
well  worthy  of  being  on  every  mechanical  engineer's  bookshelf." — Mechanical  World. 

"  The  information  is  precisely  that  likely  to  be  required  in  practice.  .  .  .  The  work  forms  a  de- 
sirable addition  to  the  library  not  only  of  the  works'  manager,  but  of  anyone  connected  with  general 
engineering." — Mining  Journal. 

"  Brimful  of  useful  information,  stated  in  a  concise  form,  Mr.  Hutton's  books  have  met  a  pressing 
want  among  engineers.  The  book  must  prove  extremely  useful  to  every  practical  man  possessing  a 
copy." — Practical  Engineer. 

New  Manual  for  Practical  Engineers. 

THE    PRACTICAL   ENGINEER'S   HANDBOOK,  Comprising  a 

Treatise  on  Modem  Engines  and  Boilers,  Marine,  Locomotive,  and  Stationary. 
And  containing  a  large  collection  of  Rules  and  Practical  Data  relating  to  recent 
Practice  in  Designing  and  Constructing  all  kinds  of  Engines,  Boilers,  and  other 
Engineering  work.  The  whole  constituting  a  comprehensive  Key  to  the  Board  of 
Trade  and  other  Examinations  for  Certificates  of  Competency  in  Modern  Mechanical 
Engineering.  By  Walter  S.  Hutton,  Civil  and  Mechanical  Engineer,  Author  of 
"The  Works'  Manager's  Handbook  for  Engineers,"  &c.  With  upwards  of  370 
Illustrations.  Fifth  Edition,  Revised,  with  Additions.  Medium  8vo,  nearly  500 
pp.,  price  I 8j-.  strongly  bound.  {jfust published. 

%^  This  work  is  designed  as  a  companion  to  the  Author'' s  '*  Works'  Manager's 
Handbook."  It  possesses  tfiany  neiv  ana  original  features,  and  contains,  like  its  prede- 
cessor^ a  quantity  of  matter  not  originally  intended  for  publication,  but  collected  by  the 
Author  for  his  own  use  in  the  construction  of  a  great  variety  of  Modern  Engineering 
Work. 

The  information  is  given  in  a  condensed  and  concise  form,  and  is  illustrated  by  up- 
wards of  370  Woodcuts;  and  comprises  a  quantity  of  tabulated  matter  of  great  value  to  all 
engaged  in  designing,  constructing,  or  estimating  for  Engines,  Boilers,  and  other 
Engineering  Work. 

*J^  Opinions  of  the  Press. 

"  We  have  kept  it  at  hand  for  several  weeks,  referring  to  it  as  occasion  arose,  and  we  have  not  on  a 
single  occasion  consulted  its  pages  without  finding  the  information  of  which  we  were  in  quest.'' — 
Athenaeum. 

"  A  thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  learning  some- 
thing that  will  be  of  service  to  him."— ilfarzw^  Engineer. 

"  An  excellent  book  of  reference  for  engineers,  and  a  valuable  text-book  for  students  of  engineer- 
ing."— Scotsman. 

"  This  valuable  manual  embodies  the  results  and  experience  of  the  leading  authorities  on  mechanical 
engineering." — Building  News. 

"The  author  has  collected  together  a  surprising  quantity  of  rules  and  practical  data,  and  has  shown 
much  judgment  in  the  selections  he  has  made.  .  .  .  There  is  no  doubt  that  this  book  is  one  of  the 
most  useful  of  its  kind  published,  and  will  be  a  very  popular  compendium." — Engineer. 

"A  massof  information,  set  down  in  simple  language,  and  in  such  a  form  that  it  can  be  easily  referred 
to  at  any  time.  "The  matter  is  uniformly  good  and  well  chosen,  and  is  greatly  elucidated  by  the 
illustrations.  "The  book  will  find  its  way  on  to  most  engineers'  shelves,  where  it  will  rank  as  one  of  the 
most  useful  books  of  reference." — Practical  Engineer. 

'•  Full  of  useful  information,  and  should  be  found  on  the  office  shelf  of  all  practical  engineers."— 
English  Mechanic. 


MECHANICAL  ENGINEERING,    &-€. 


MR.  HUTTON'S   PRACTICAL  HANDBOOKS— co;^^j«we^. 


Practioal  Treatise  on  Modern  Steam-Boilers. 

STEAM  BOILER  CONSTRUCTION.  A  Practical  Handbook  tor 
Engineers,  Boiler- Makers,  and  Steam  Users.  Containing  a  large  Collection  of 
Rales  and  Data  relating  to  Recent  Practice  in  the  Design,  Construction,  and  Work- 
ing of  all  Kinds  of  Stationary,  Locomotive,  and  Marine  Steam-Boilers.  By  Walter 
S.  HuTTON,  Civil  and  Mechanical  Engineer,  Author  of  "  The  Works'  Manager's 
Handbook,"  "  The  Practical  Engineer's  Handbook,"  &c.  With  upwards  of  300 
Illustrations.     Second  Edition,  medium  8vo,  i8j.  cloth. 

Ij;^"  This  Work  is  issued  in  continuation  of  the  Series  of  Handbooks  written  by 
the  Author,  viz: — "The  Works' Manager's  Handbook"  and  "The  Practical 
Engineer's  Handbook,"  which  are  so  highly  appreciated  by  Engineers  for  the  practical 
nature  of  their  information  ;  and  is  consequently  written  in  the  same  style  as  those  works. 

The  Author  believes  that  the  concentration,  in  a  convenient  forj?i  for  easy  reference, 
■of  such  a  large  amount  of  thoroughly  practical  information  on  Steajn-Boilers,  7vill  be  of 
considerable  service  to  those  for  whom  it  is  intended,  and  he  trusts  the  book  may  be  deemed 
ivorthy  of  as  favourable  a  reception  as  has  been  accorded  to  its  predecessors. 

*^*  Opinions  of  the  Press. 

"Every  detail,  both  in  boiler  design  and  management,  is  clearly  laid  before  the  reader.  The  volume 
shows  that  boiler  construction  has  been  reduced  to  the  condition  of  one  of  the  most  exact  sciences  ;  and 
such  a  book  is  of  the  utmost  value  to  the  Jin  de  sidcle  Engineer  and  Works'  Manager." — Marine 
Engineer. 

" There  has  long  been  room  for  a  modern  handbook  on  steam  boilers;  there  is  not  that  room  now, 
'ecause  Mr.  Hutton  has  filled  it.  It  is  a  thoroughly  practical  book  for  those  who  are  occupied  in  the 
construction,  design,  selection,  or  use  of  boilers." — Engineer, 

"  The  book  is  of  so  important  and  comprehensive  a  character  that  it  must  find  its  way  into  the 
libraries  of  every  one  interested  in  boiler  using  or  boiler  manufacture  if  they  wish  to  be  thoroughly  in- 
formed.    We  strongly  recommend  the  book  for  the  intrinsic  value  of  its  contents." — Machinery  Market. 

"  The  value  of  this  book  can  hardly  be  over-estimated.  The  author's  rules,  formulae,  &c.,  are  all 
very  fresh,  and  it  is  impossible  to  turn  to  the  work  and  not  find  what  you  want.  No  practical  engineer 
should  be  without  it." — Colliery  Guardian. 

Hutton's  "  fVlodernised  Templeton." 

THE  PRACTICAL  MECHANICS'  WORKSHOP  COMPANION. 

Comprising  a  great  variety  of  the  most  useful  Rules  and  Formulae  in  Mechanical 
Science,  with  numerous  Tables  of  Practical  Data  and  Calculated  Results  for 
Facilitating  Mechanical  Operations.  By  William  Templeton,  Author  of 
"The  Engineer's  Practical  Assistant,"  &c.  &c.  Seventeenth  Edition,  Revised, 
Modernised,  and  considerably  Enlarged  by  Walter  S.  Hutton,  C.E.,  Author  of 
"The  Works'  Manager's  Handbook,''  "The  Practical  Engineer's  Handbook," 
&c.  P'cap.  8vo,  nearly  500  pp.,  with  8  Plates  and  upwards  of  250  Illustrative 
Diagrams,  6s.  strongly  bound  for  workshop  or  pocket  wear  and  tear. 

*^*  Opinions  of  the  Press. 

"In  its  modernised  form  Hutton's  *  Templeton '  should  have  a  wide  sale,  for  it  contains  much 
valuable  information  which  the  mechanic  will  often  find  of  use,  and  not  a  few  tables  and  notes  which  he 
cnight  look  for  in  vain  in  other  works.  This  modernised  edition  will  be  appreciated  by  all  who  have  learned 
to  value  the  original  editions  of  'Templeton.'" — English  Mechanic. 

"It  has  met  with  great  success  in  the  engineering  workshop,  as  we  can  testify;  and  there  are  a 
great  many  men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  book." — Building  News. 

"  This  familiar  text-book — well  known  to  all  mechanics  and  engineers — is  of  essential  service  to  the 
every-d ay  requirements  of  engineers,  millwrights,  and  the  various  trades  connected  with  engineering 
and  building.  The  new  modernised  edition  is  worth  its  weight  in  gold." — Building  News.  (Second 
Notice.) 

'*  This  well-known  and  largely-used  book  contains  information,  brought  up  to  date,  of  the  sort  so 
uieful  to  the  foreman  and  draughtsman.  So  much  fresh  information  has  been  introduced  as  to  consti- 
tute it  ptactically  anew  book.     It  will  be  largely  used  in  the  office  and  workshop." — Mechanical  IVorld. 

"  The  publishers  wisely  entrusted  the  task  of  revision  of  this  popular,  valuable,  and  useful  book  to 
Mr.  Hutton  than  whom  a  more  competent  man  they  could  not  have  found." — Iron, 

Templeton' s  Engineer's  and  Machinist's  Assistant. 

THE    ENGINEER'S,  MILLWRIGHT'S,  AND   MACHINIST'S 

Practical  A.ssistant.  A  collection  of  Useful  Tables,  Rules,  and  Data.  By  William 
Templeton.     Seventh  Edition,  with  Additions.     iSmo,  2s.  6d.  cloth. 

"  Occupies  a  foremost  place  among  books  of  this  kind.  A  more  suitable  present  to  an  apprentice  to 
Any  of  the  mechanical  trades  could  not  possibly  be  made." — Building  New%. 

"  A  deservedly  popular  work.  It  should  be  in  the  'drawer '  of  every  mechanic." — English  Mechanic. 
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Foley's  Office  Reference  Booh  for  Mechanical  Engineers, 

THE  MECHANICAL  ENGINEER'S  REFERENCE  BOOK,  for 

Machine  and  Boiler  Construction.  In  Two  Parts.  Part  I,  General  Engineer- 
ing Data.  Part  II.  Boiler  Construction.  With  51  Plates  and  numerous 
Illustrations.  By  Nelson  Foley,  M.I.N. A.  Second  Edition,  Revised  through- 
out and  much  Enlarged.     Folio,  £t,  3j.  net,  half-bound. 

Summary  of  Contents. 
PART  L 

Measures.— Circumferences  and  Areas,  &c.,  Squares,  Cubes,  Fourth  Powers. — Square 
AND  Cube  Roots —Surface  of  Tubes. — Reciprocals. — Logarithms. — Mensuration. — Specific 
Gravities  and  Weights. — Work  and  Power.— Heat.  — Combustion. — Expansion  and  Contrac- 
tion.—Expansion  OF  Gases. — Steam. — Static  Forcfs, — Gravitation  and  Attraction. — 
Motion  and  Computation  of  Resulting  Forces. — Accumulated  Work. — Centre  and  Radius. 
OF  Gyration.— Moment  of  Inertia. — Centre  of  Oscillation. — Electricity. — Strength  of 
Materials.— Elasticity. — Test  Sheets  of  Metals.— Friction.— Transmission  of  Power.— 
Flow  of  Liquids.— Flow  of  Gases. — Air  Pumps,  Surface  Condensers,  &c.— Speed  of  Steam- 
ships.— Propellers.— Cutting  Tools. —  Flanges. —  Copper  Sheets  and  Tubes. —  Screws,. 
Nuts,  Bolt  Heads,  &c. — Various  Recipes  and  Miscellaneous  Matter — With  DIAGRAMS 
for  Valve-Gear,  Belting  and  Ropes,  Discharge  and  Suction  Pipes,  Screw  Propellers,. 
AND  Copper  Pipes. 

PART  II. 

Treating   of   Power  of    Boilers. —  Useful  Ratios.— Notes   on   Construction.— Cylin 
drical    Boiler    Shells.— Circular    Furnaces. — Flat  Plates.— Stays.— Girders.— Screws. — 
Hydraulic    Tests. — Riveting. — Boiler   Setting,    Chimneys,  and   Mountings.— Fuels,  &c. — 
Examples  of   Boilers  and   Speeds   of    Steamships.— Nominal  and  Normal  Horse  Power. — 
With  DIAGRAMS  for  all  Boiler  Calculations  and  Drawings  of  many  Varieties  of  Boilers 

*^*  Opinions  of  the  Press. 

"  The  book  is  one  which  every  mechanical  engineer  may,  with  advantage  to  himself,  add  to  his 
Mhraxy."— Industries. 

*'  Mr.  Foley  is  well  fitted  to  compile  such  a  work.  .  ,  .  The  diagrams  are  a  great  feature  of  the 
work.  .  .  .  Regarding  the  whole  work,  it  may  be  very  fairly  stated  that  Mr.  Foley  has  produced  a 
volume  which  will  undoubtedly  lulfil  the  desire  of  the  author  and  become  indispensable  lo  all  mechanical 
engineers."— Marine  ^ng-ineer. 

"  We  have  carefully  examined  this  work,  and  pronounce  it  a  most  excellent  reference  book  for  the 
use  of  marine  engineers." — Journal  of  American  Society  of  Naval  Engineers. 

"A  veritable  monument  of  industry  on  the  part  of  Mr.  Foley,  who  has  succeeded  in  producing  whaS 
is  simply  invaluable  to  the  engineering  profession." — SUamship, 

Goal  and  Speed  Tables. 

A  POCKET  BOOK  OF  COAL  AND  SPEED  TABLES,  for 

Engineers  and  Steam-users.      By  Nelson  Foley,   Author  of  "The  Mechanical 
Engineer's  Reference  Book."     Pocket-size,  3J.  6d.  cloth. 
"  These  tables  are  designed  to  meet  the  requirements  of  every-day  use  ;  they  are  of  sufficient  scope 
for  most  practical  purposes,  and  may  be  commended  to  engineers  and  users  of  steam." — Iron. 

"  This  pocket-book  well  merits  ihe  attention  of  the  practical  engineer.  Mr.  Foley  has  compiled  a 
very  useful  set  of  tables,  the  information  contained  in  which  is  frequently  required  by  engineers,  coat 
consumers,  and  users  of  steam." — Iron  and  Coal  Trades  Review. 

Steam  Engine. 

TEXT-BOOK  ON  THE  STEAM  ENGINE.  With  a  Supplement 
on  Gas  Engines,  and  Part  II.  on  Heat  Engines.  By  T.  M.  Goodeve,  M.A., 
Barrister-at-Law,  Professor  of  Mechanics  at  the  Royal  College  of  Science,  London  ;, 
Author  of  "The  Principles  of  Mechanics,"  "The  Elements  of  Mechanism,"" 
&c.  Thirteenth  Edition.  Crown  8vo,  6s.  cloth. 
"Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine,  which  will  bear  comparison  with 

anything  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no  higher  praise." — Engineer. 

"  Mr.  Goodeve's  text-book  is  a  work  of  which  every  young  engineer  should  possess  himself."— 

fl fining  Journal . 

Gas  Engines. 

ON  GAS    ENGINES.     With  Appendix  describing  a  Recent  Engine 
with  Tube  Igniter.     By  T.  M.  Goodeve,  M.  A.     Crown  8vo,  2j.  6^.  cloth. 
"  Like  all  Mr.  Goodeve's  writings,  the  present  is  no  exception  in  point  of  general  excellence.     It  is 

a  valuable  Jittle  volume." — Mecfianical  World. 

Steam  Boilers. 

A     TREATISE     ON     STEAM     BOILERS  :     Their  Strength,  Con- 
struction, and  Economical  Working.     By  R.  Wilson,  C.E.     Fifth  Edition.     i2mo, 
6s.  cloth. 
"The  best  treatise  that  has  ever  been  published  on  steam  boilers." — Engineer. 

"  The  author  shows  himself  perfect  master  of  his  subject,  and  we  heartily  recommend  all  employing 
steam  power  to  possess  themselves  of  the  work." — Ry land's  Iron  Trade  Circular. 
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Steam  Engine  Design. 

A  HANDBOOK  ON  THE  STEAM  ENGINE,  with  especial  Refer- 
ence to  Small  and  Medium-sized  Engines.  For  the  Use  of  Engine  Makers,  Mechanical 
Draughtsmen,  Engineering  Students,  and  Users  of  Steam  Power.  By  Herman 
Header,  C.E.  Translated  from  the  German  with  considerable  Additions  and 
Alterations,  by  H.  H.  P.  Powles,  A.M.I.C.E.,  M.l.M.E.  Second  Edition, 
Revised.  With  nearly  i.ioo  Illustrations.  Crown  8vo,  gs.  cloth. 
"  .A.  perfect  encyclopaedia  of  the  steam  engine  and  its  details,  and  one  which  must  take  a  permanent 
place  in  English  drawing-offices  and  workshops." — A  Foreman  Pattern-maker. 

"  This  is  an  excellent  book,  and  should  be  in  the  hands  of  all  who  are  interested  in  the  construction 
and  design  of  medium-sized  stationary  engines.  ...  A  careful  study  of  its  contents  and  the  arrange- 
ment of  the  sections  leads  to  the  conclusion  that  there  is  probably  no  other  book  like  it  in  this  country. 
The  volume  aims  at  showing  the  results  of  practical  experience,  and  it  certainly  may  claim  a  complete 
achievement  of  this  idea." — Nature. 

"  There  can  be  no  question  as  to  its  value.  We  cordially  commend  it  to  all  concerned  in  the 
design  and  construction  of  the  steam  engine." — Mechanical  World. 

Boiler  Chimneys. 

BOILER  AND    FACTORY   CHIMNEYS:    Their  Draught-Power 
and  Stability.     With  a  Chapter  on  Lightning  Conductors,     By  Robert  Wilson, 
A.I.C.E.,  Author  of  **  A  Treatise  on  Steam  Boilers,"  &c.    Crown  8vo,  y.  6d.  cloth. 
"A  valuable  contribution  to  the  literature  of  scientific  building.'' — The  Builder. 

Boiler  Making. 

BOILER-MAKER'S  READY  RECKONER  AND  ASSISTANT. 

With  Examples  of  Practical  Geometry  and  Templating,  for  the   Use  of  Platers, 
Smiths,  and  Riveters.     By  John  Courtney,  Edited  by  D.  K.  Clark,  M.I. C.E. 
Third  Edition,  480  pp.,  with  140  Illustrations.     Fcap.  8vo,  7^.  half-bound. 
"  No  workman  or  apprentice  should  be  without  tkis  book." — Iron  Trade  Circular. 

Refrigerating  Machinery. 

REFRIGERATING    AND    ICE-MAKING    MACHINERY:     A 

Descriptive  Treatise  for  the  Use  of  Persons  Employing  Refrigerating  and  Ice-Making 
Installations,  and  others.  By  A.  J.  Wallis-Tayler,  C.E.,  Assoc.  Member  Inst. 
C.E.     With  Illustrations.     Crown  Svo,  ^s.  6d.  cloth.  [yust published. 

"  Practical,  explicit  and  profusely  illustrated." — Glasgow  Herald. 

"  We  recommend  the  book,  which  gives  the  cost  ot  various  systems  and  illustrations  showing 
details  of  parts  of  machinery  and  general  arrangements  of  complete  installations." — Builder. 

"  May  be  recommended  as  a  useful  description  of  the  machinery,  the  processes,  and  of  the 
facts,  figures,  and  tabulated  physics  of  refrigerating.  It  i^i  one  of  the  best  compilations  on  the 
subject." — Engineer. 

Hydraulic  Machinery. 

HYDRAULIC  MACHINERY  Employed  in  the  Concentration  and 
Transmission  of  Power.  By  G.  Croydon  Marks,  A.M.I.C.E.,  A. M.l.M.E. 
New  Edition,  Enlarged.     Crown  Svo.  \_In  the  press. 

Locomotive  Engine  Development. 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT.    A 

Popular  Treatise  on  the  Gradual  Improvements  made  in  Railway  Engines  between 

1803  and  1896.     By  Clement  E.   Stretton,  C.E.     Fifth  Edition,  Revised  and 

Enlarged.     With  120  Illustrations.     Crown  Svo,  3x.  6^.  cloth.  [Just  published. 

"Students  of  railway  history  and  all  who  are  interested  in  the  evoiution  of  the  modern  locomotive 

will  find  much  to  attract  and  entertain  in  this  volume."  —  y^^  Times. 

"The  author  of  this  work  is  well  known  to  the  railway  world,  and  no  one,  probably,  has  abetter 
knowledge  of  the  history  and  development  of  the  locomotive.  The  volume  before  us  should  be  of 
value  to  ail  connected  with  the  railway  system  of  this  country." — Nature. 

Estimating  for  Engineering  Work,  &c. 

ENGINEERING  ESTIMATES,  COSTS,  AND  ACCOUNTS:  A 

Guide  to  Commercial  Engineering.  With  numerous  Examples  of  Estimates  and 
Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam  Engines  and  Steam 
Boilers  ;  and  a  Section  on  the  Preparation  of  Costs  Accounts.  By  A  General 
Manager.     Second  Edition.     Demy  Svo,  12^-.  cloth.  [Just published. 

"  This  is  an  excellent  and  very  useful  book,  covering  subject-matter  in  constant  requisition  in 

every  factory  and  workshop The  book  is  invaluable,  not  only  to  the  young  engineer,  but 

also  to  the  estimate  department  of  every  vforks."— Builder. 

"  We  accord  the  work  unqualified  praise.    The  information  is  given  in  a  plain,  straightforward 

manner,  and  bears  throughout  evidence  of  the  intimate  practical  acquaintance  of  the  author  with 

every  phrase  of  commercial  engineering."— Jl/ec/ta»»c«^  World, 
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Boiler  Mahing. 

PLATING   AND   BOILER   MAKING  :  A  Practical  Handbook  for 
Workshop    Operations.        By  Joseph    G.    Horner,   A.M.I.M.E.   (''Foreman 
Pattern  Maker  "  ),  Author  of  "  Pattern  Making,"  &c.     380  pages,  with  338  Illus- 
trations.    Crown  Svo,  "js.  6d.  cloth.  \Just published. 
"  The  latest  production  from  the  pen  of  this  writer  is  characterised  by  that  evidence  of  close 
acquaintance  with  workshop  methods  which  will  render  the  book  exceedingly  acceptable  to  the 
practical  hand.    We  have  no  hesitation  in  commending  the  work  as  a  serviceable  and  practical 
handbook  on  a  subject  which  has  not  hitherto  received   much  attention  from  those  qualified  to 
deal  with  it  in  a  satisfactory  manner." — Mechanical  World. 

Engineering  Construction. 

PATTERN-MAKING:  A  Practical  Treatise,  embracing  the  Main 
Types  of  Engineering  Construction  and  including  Gearing,  both  Hand  and  Machine- 
made,  Engine  Work,  Sheaves  and  Pulleys,  Pipes  and  Columns,  Screws,  Machine 
Parts,  Pumps  and  Cocks,  the  Moulding  of  Patterns  in  Loam  and  Greensand,  &c.. 
together  with  the  methods  of  Estimating  the  weight  of  Castings  ;  to  which  is  added 
an  Appendix  of  Tables  for  Workshop  Reference.  By  Joseph  G.  Horner, 
A.M.I.M.E.  ('*  Foreinan  Pattern  Maker").  Second  Edition,  thoroughly  Revised 
and  much  Enlarged.  With  450  Illustrations.  Crown  8vo,  7s.  6d.  cloth. 
"  A  well-wntten  technical  guide,  evident  y  written  by  a  man  who  understands  and  has  practised 

what  he  has  written  about We   cordially   recommend  it   to  engineering  students,  >oung 

journeymen,  and  others  desirous  of  being  initiated  into  the  mysteries  of  pattern-making." — Builder. 
"  More  than  400  illustrations  help  to  explain  the  text,  which  is,  however,  always  clear  and  explicit, 

thus  rendering  the  work  an  excellent  vade  mecum  for  the  apprentice  who  desires  to  become  master  of  his 

\.nA^.'^— English  Mechanic. 

Dictionary  of  Meciianical  Engineering    Terms. 

MECHANICAL     ENGINEERING     TERMS    (Lockwood's    Dic- 
tionary of).    Embracing  those  current  in  the  Drawing  Office,  Pattern  Shop,  Foundry, 
Fitting,  Turning,  Smiths',  and  Boiler  Shops,  &c.  &c.     Comprising  upwards  of  6,000. 
Definitions.     Edited  by  Joseph  G.  Horner,  A.M.I.M.E.    (  "Foreman  Pattern 
Maker "),  Author  of  "Pattern  Making,"  &c.       Second   Edition,    Revised,    with 
Additions.     Crown  8vo,  Ts.  6d.  cloth. 
"  Just  the  sort  of  handy  dictionary  required  by  the  various  trades  engaged  in  mechanical  engineer- 
ing.    The  practical  engineering  pupil  will  find  the  book  of  great  value  in  his  studies,  and  every  foreman 
engineer  and  mechanic  should  have  a  copy." — Building  News. 

"  Not  merely  a  dictionary,  but,  to  a  certain  extent,  also  a  most  valuable  guide.  It  strikes  us  as  a 
happy  idea  to  combine  with  a  definition  of  the  phrase  useful  information  on  the  subject  of  which  it 
treats." — Machinery  Market. 

Mill  Gearing. 

TOOTHED  GEARING:  A  Practical  Handbook  for  Offices  and  Work- 
shops. By  Joseph  Horner,  A.M.I.M.E.  (  "Foreman  Pattern  Maker"),  Author 
of  "Pattern  Making,"  &c.     With  184  Illustrations.     Crown  Svo,  6s.  cloth. 

•'We  must  give  the  book  our  unqualified  praise  for  its  thoroughness  of  treatment  and  we  caa 
he=irtily  recommend  it  to  all  interested  as  the  most  practical  book  on  the  subject  yet  written." — 
Mechanical  World.. 

Fire  Engineering. 

FIRES,   FIRE-ENGINES,    AND    FIRE-BRIGADES.      With  a 

History  of  Fire-Engines,  their  Construction,  Use,  and  Management;  Remarks  oiv 
Fire-Proof  Buildings,  and  the  Preservation  of  Life  from  Fire  ;  Statistics  of  the  Fire 
Appliances  in  English  Towns  ;  Foreign  Fire  Systems ;  Hints  on  Fire-Brigades,  &c. 
&c.  By  Charles  F.  T.  Young,  C.E.  With  Illustrations,  544  pp.,  demy  Svo, 
£\  \s.  cloth. 

"To  such  of  our  readers  as  are  interested  in  the  subject  of  fires  and  fire  apparatus,  we  can  most 
heartily  commend  this  book.  It  is  really  the  only  English  work  we  now  have  upon  the  subject." — 
Engineering. 

Motor- Cars,  &c. 

MOTOR  CARS  OR  POWER  CARRIAGES  FOR  COMMON 
ROADS.  By  A.  J.  Wallis-Tayler,  Assoc. Memb. Inst. C.E.,  Author  of  "Modern 
Cycles,"  &c.  Including  Early  and  Recent  Examples  of  Steam  Road  Carriages, 
Internal  Combustion  or  Explosive  Engine  Carriages,  Electric  Motor  Carriages, 
Miscellaneous  Motor  Cars,  Auto-Car  Bill,  Rules  and  Regulations,  &c.  With 
numerous  Illustrations.     Crown  Svo,  4^.  6d.  cloth.  [Just  published. 
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Stone-working  Machinery. 

STONE- WORKING  MACHINERY,  and  the  Rapid  and  Economical 
Conversion  of  Stone.     With  Hints  on  the  Arrangement  and  Management  of  Stone 
Works.     By  M.  Powis  Bale,  M.I.M.E.     With  Illustrations.     CrownSvo,  9^. 
"The  book  should  be  in  the  hands  of  every  mason  or  student  of  stonework." — Colliery  Guardian. 
"  A   capital    handbook  for  all   who  manipulate   stone  for   building  or   ornamental  purposes." — 
Machinery  Market. 

Pump  Construction  and  Management. 

PUMPS  AND  PUMPING  :   A  Handbook  for  Pump  Users.     Being 

Notes   on   Selection,    Construction,    and   Management.      By    M.    Powis    Bale, 

M.I.M.E.     Third  Edition,  Revised.     Crown  8vo,  2s.  6d.  cloth.       [ytist  published. 

"The  matter  is  set  forth  as  concisely  as  possible.     In  fact,  condensation  rather  than  difluseness 

has  been  the  author's  aim  throughout ;  yet  he  does  not  seem  to  have  omitted  anything  likely  to  be  of 

use." — Journal  of  Gas  Lighting. 

"  Thoroughly  practical  and  simply  and  clearly  written." — Glasgow  Herald. 

Milling  Machinery,  &c. 

MILLING  MACHINES  AND  PROCESSES:  A  Practical  Treatise 

on  Shaping  Metals  by  Rotary  Cutters.     Including  Information  on   Making   and 
Grinding   the  Cutters.      By   Paul   N.    Hasluck,   Author   of    *•  Lathe-Work." 
With  upwards  of  300  Engravings.     Large  crown  8vo,  352  pages,  12s.  6d.  cloth. 
"A  new  departure  in  engineering  literature.    .     .     .     We  can  recommend  this  work  to  all  interested 
In  milling  machines  ;  it  is  what  it  professes  to  be — a  practical  treatise." — Engineer. 

"  A  capital  and  reliable  book  which  will  no  doubt  be  of  considerable  service  both  to  those  who  are 
already  acquainted  with  the  process  as  well  as  to  those  who  contemplate  its  a.doption."  —Industries. 

Turning. 

LATHE -WORK  :   A  Practical  Treatise  on  the  Tools,  Appliances,  and 
Processes  employed  in  the  Art  of   Turning.      By   Paul  N.   Hasluck.      Fifth 
Edition.     Crown  8vo,  5^.  cloth. 
"  Written  by  a  man  who  knows  not  only  how  work  ought  to  be  done,  but  who  also  knows  how  to  do 
it,  and  how  to  convey  his  knowledge  to  others.  To  all  turners  this  book  would  be  valuable." — Engineering. 
"  We  can  safely  recommend  the  work  to  young  engineers.    To  the  amateur  it  will  simply  be  invalu- 
able.   To  the  student  it  will  convey  a  great  deal  of  useful  information." — Engineer. 

Screw-Cutting. 

SCREW  THREADS:    And  Methods  of  Producing  Them.      With 

numerous  Tables  and  complete  Directions  for  using  Screw-Cutting  Lathes.     By 
Paul  N.  Hasluck,  Author  of  "Lathe- Work,"  &c.      With  Seventy-four  Illustra- 
tions.   Fourth  Edition,  Re-written  and  Enlarged.      Waistcoat-pocket  size,  is.  6d. 
"  Full  of  useful  information,  hints  and  practical  criticism.    Taps,  dies,  and  screwing  tools  generally 
are  illustrated  and  their  action  described." — Mechanical  World. 

"  It  is  a  complete  compendium  of  all  the  details  of  tke  screw-cutting  lathe  :  in  fact  a  mulium-in' 
Parvo  on  all  the  subjects  it  treats  upon." — Carpenter  and  Builder, 

Smith's  Tables  for  Mechanics,  &c. 

TABLES  &  MEMORANDA  FOR  MECHANICS,  ENGINEERS, 

Architects,  Builders,  &c.  Selected  and  Arranged  by  Francis  Smith.  Sixth 
Edition,  Revised,  including  Electrical  Tables,  FoRMULi^,  and  Memoranda. 
Waistcoat-pocket  size,  \s.  6d.  limp  leather.  \Just published. 

"  It  would,  perhaps,  be  as  difficult  to  make  a  small  pocket-book  selection  of  notes  and  formulae  to 
suit  ALL  engineers  as  it  would  be  to  make  a  universal  medicine  ;  but  Mr.  Smith's  waistcoat-pocket  col- 
lection may  be  looked  upon  as  a  successful  attempt." — Engineer. 

"The  best  example  we  have  ever  seen  of  270  pages  of  useful  matter  packed  into  the  dimensions  of  a 
card-case." — Building  News.  "A  veritable  pocket  treasury  of  knowledge." — Iron. 

French-English  Glossary  for  Engineers,  &c. 

POCKET    GLOSSARY    OF    TECHNICAL    TERMS:    English- 

French,  French-English  ;  with  Tables  suitable  for  the  Architectural,  Engineering, 

Manufacturing,  and  Nautical  Professions.     By  John  James  Fletcher,  Engineer 

and  Surveyor.     Second  Edition,  Revised  and  Enlarged,  200  pp.     Waistcoat-pocket 

size,  IS.  6d.  limp  leather. 

"  It  is  a  very  great  advantage  for  readers  and  correspondents  in  France  and   England  to  have  so 

large  a  number  of  the  words  relating  to  engineering  and  manufacturers  collected  in  a  liliputian  volume. 

The  little  book  will  be  useful  both  to  students  and  txAwcWcrs." — A) chitect. 

"  The  glossary  of  terms  is  very  complete,  and  many  of  the  Tables  are  new  and  well  arranged. 
We  cordially  commend  the  book." — Mecharical  World. 
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Year-Book  of  Engineering  Formulce,  &c. 

THE    ENGINEER'S    YEAR=BOOK    FOR    1897.      Comprising 

Formulae,  Rules,  Tables,  Data  and  Memoranda  in  Civil,  Mechanical,  Electrical, 
Marine  and  Mine  Engineering.  By  H.  R.  Kempe,  A.M.lnst.CE.,  M.I.E.E., 
Technical  Officer  of  the  Engineer-in- Chief's  Office,  General  Post  Office,  London, 
Author  of  "A  Handbook  of  Electrical  Testing,"  "The  Electrical  Engineer's 
Pocket-Book, "  &c.  With  about  850  Illustrations,  specially  Engraved  for  the  work. 
Crown  8vo,  670  pages,  2>s.  leather.  \jftist  published. 

"Represents  an  enormous  quantity  of  work,  and  forms  a  desirable  book  of  reference."— TA* 
Engineer. 

"The  volume  isdistinctly  in  advance  of  most  similar  publications  in  this  country. "—£n;§'t>ifmw|'. 
"This  valuable  and  well-designed  book  of  reference  meets  the  demands  of  all  descriptions  of  engi- 
neers."— Saturday  Review. 

"  Teems  with  up-to-date  information  in  every  branch  of  engineering  and  construction." — Building 
News. 

"  The  needs  of  the  engineering  profession  could  hardly  be  supplied  in  a  more  admirable,  complete 
and  convenient  form.  To  say  that  it  more  than  sustains  all  comparisons  is  praise  of  the  highest  sort, 
and  that  may  justly  be  said  of  it." — I^Iining  Journal. 

"There  is  certainly  room  for  the  new  comer,  which  supplies  explanations  and  directions,  as  well 
as  formulae  and  tables.  It  deserves  to  become  one  of  the  most  successful  of  the  technical  annuals." — 
A  rchitect. 

"  Brings  together  with  great  skill  all  the  technical  information  which  an  engineer  has  to  use  day 
by  day.     It  is  in  every  way  admirably  equipped,  and  is  sure  to  prove  successful." — Scotsman. 

"The  up-to-dateness  of  Mr.  Kempe's  compilation  is  a  quality  that  will  not  be  lost  on  the  busy 
people  for  whom  the  work  is  intended.'' — Glasgozv  Herald. 

Portable  Engines. 

THE  PORTABLE  ENGINE:  Its  Construction  and  Management: 
A  Practical  Manual  for  Owners  and  Users  of  Steam  Engines  generally.  By 
William  Dyson  Wansbrough.     Crown  8vo,  ^s.  6d.  cloth. 

"This  is  a  work  of  value  to  those  who  use  steam  machinery.  .  .  .  Should  be  read  by  every  one 
who  has  a  steam  engine,  on  a  farm  or  elsewhere." — Mark  Lane  Express. 

"  We  cordially  commend  this  work  to  buyers  and  owners  of  steam  engines,  and  to  those  who  have  to 
do  with  their  construction  or  use." — Timber  Trades  Journal, 

"Such  a  general  knowledge  of  the  steam-engine  as  Mr.  Wansbrough  furnishes  to  the  reader  should 
be  acquired  by  all  intelligent  owners  and  others  who  use  the  steam  engine." — Building  News. 

"  An  excellent  text-book  of  this  useful  form  of  engine.  The  *  Hints  to  Purchasers  '  contain  a  good 
deal  of  common-sense  and  practical  wisdom." — English  Mechanic, 

Iron  and  Steel. 

'*IRON  AND  STEEL'':  A  Work  for  the  Forge,  Foundry,  Factory, 

and  Office.  Containing  ready,  useful,  and  trustworthy  Information  for  Ironntiasters 
and  their  Stock-takers  ;  Managers  of  Bar,  Rail,  Plate,  and  Sheet  Rolling  Mills  ; 
Iron  and  Metal  Founders  ;  Iron  Ship  and  Bridge  Builders ;  Mechanical,  Mining, 
and  Consulting  Engineers  ;  Architects,  Contractors,  Builders,  &c.  By  Charles 
HoARE,  Author  of  "The  Slide  Rule,"  &c.     Ninth  Edition.     32mo,  6s.  leather. 

"  For  comprehensiveness  the  book  has  not  its  equal." — Iron, 
"  One  of  the  best  of  the  pocket  books." — Efiglish  Mechanic. 

Elementary  Mechanics. 

CONDENSED  MECHANICS.  A  Selection  of  Formulae,  Rules, 
Tables,  and  Data  for  the  Use  of  Engineering  Students,  Science  Classes,  &c.  In 
accordance  with  the  Requirements  of  the  Science  and  Art  Department.  By 
W.  G.  Crawford  Hughes,  A.M.I.C.E.     Crown  8vo,  2s.  6d.  cloth. 

"  The  book  is  well  fitted  for  those  who  are  either  confronted  with  practical  problems  in  their  work, 
or  are  preparing  for  examination  and  wish  to  refresh  their  knowledge  by  going  through  their  formulx 
again." — Marine  Engineer. 

*'  It  is  well  arranged,  and  meets  the  wants  of  those  for  whom  it  is  intended." — Railway  News. 

Steam. 

THE  SAFE  USE  OF  STEAM.     Containing  Rules  for  Unprofes- 

sionial  Steam-users.     By  an  Engineer.     Seventh  Edition.     Sewed,  6d. 

"  If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would  become  sensations 
by  their  rarity. "—  English  Mechanic. 

Warming. 

HEATING  BY  HOT  WATER;  with  Information  and  Suggestions 

on  the  best  Methods  of  Heating  Public,  Private   and  Horticultural  Buildings.     By 
Walter  Jones.     Second  Edition.     With  96  Illustrations,  crown  8vo,  2s.  6d.  net. 
"  We  confidently  recommend  all  interested  in  heating  by  hot  water  to  secure  a  copy  of  this 
valuable  little  treatise." — The  Plumber  and  Decorator. 
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Light  Railways. 

LIGHT    RAILWAYS    FOR  THE    UNITED  KINGDOM,   India, 

and  the  Colonies  ;  A  Practical  Handbook  setting  forth  the  Principles  on  which 
Light  Railways  should  be  Constructed,  Worked  and  Financed  ;  and  detailing  the 
cost  of  Construction,  Equipment,  Revenue  and  Working  Expenses  of  Local  Railways 
already  established  in  the  above-mentioned  countries,  and  in  Belgium,  France, 
Switzerland  &c.  By  J.  C.  Mackay,  F.G.S.,  A.M.Inst.C.E.  Illustrated  with  Plates 
and  Diagrams.     Medium  8vo,  I S^.  cloth.  {Just  published. 

"  Mr.  Mackay's  volume  is  clearly  and  concisely  written,  admirably  arranged,  and  freely  illustra- 
ted. The  book  is  exactly  what  has  been  long  wanted.  We  recommend  it  to  all  interested  in  the 
subject.    It  is  sure  to  have  a  wide  sale."— ^a//?faj  iV>7f5. 

"  Those  who  desire  to  have  within  reach  general  information  concerning  almost  all  the  light 
railway  systems  in  the  world  will  do  well  to  buy  Mr.  Mackay's  book." — Engineer. 

"  This  work  appears  very  opportunely,  when  the  extension  of  the  system  on  a  large  scale  to 
England  is  at  last  being  mooted.  In  its  pages  we  find  all  the  information  that  the  heart  of  min  can 
desire  on  the  subject.  .  .  .  every  detail  in  its  story,  founded  on  the  experience  of  other  countries 
and  applied  to  the  possibilities  of  England,  is  put  before  us." — Spectator. 

Tunnelling. 

PRACTICAL  TUNNELLING.    Explaining  in  detail  Setting-out  the 
Works,   Shaft-sinking,    and  Heading-driving,   Ranging   the  Lines   and    Levelling 
underground,  Sub- Excavating,  Timbering  and  the  Construction  of  the  Brickwork 
of  Tunnels,  with  the  amount  of  Labour  required   for,  and  the  Cost  of,  the  various 
portions  of  the  work.     By  Frederick  W.  Simms,  M.Inst.C.E.     Fourth  Edition. 
Revised  and   Further  Extended,  including  the  most  Recent   (1895)  Examples  of 
Sub-aqueous  and  other  Tunnels  by  D.  Kinnear  Clark,  M.Inst.C.E.     Imperial 
8vo,  with  34  Folding  Plates  and  other  Illustrations.     £2  2^.,  cloth.  {Just published. 
"The  present  (1896)  edition  has  been  brought  right  up  to  date,  and  is  thus  rendered  a  work  to 
which  civil  engineers  generally  should  have  ready  access,  and  to  which  engineers  who  have  con- 
struction work  can  hardly  afford  to  be  without,  but  which  to  the  younger  members  of  the  profession 
is  invaluable,  as  from  its  pages  they  can  learn  the  state  to  which  the  science  of  tunnelling  has 
attained." — Railway  Nezus. 

"  The  estimation  in  which  Mr.  Simms's  book  on  tunnelling  has  been  held  for  many  years  cannot 
be  more  truly  expressed  than  in  the  words  of  the  late  Prof,  Rankine  :  '  The  best  source  ot  informa- 
tion on  the  subject  of  tunnels  is  Mr.  F.  W.  Simms's  work  on  Practical  Tunnelling  '  "—Architect. 

Water  Supply  and  Water- Worlds. 

THE  WATER   SUPPLY  OF  TOWNS  and   the  Construction  of 

Water- Works  :  A  Practical  Treatise  for  the  Use  of  Engineers  and  Students  of 
Engineering.  By  W.  K.  Burton,  A.M.Inst.C.E.,  Professor  of  Sanitary  Engineering 
in  the  Imperial  University,  Tokyo,  Japan,  and  Consulting  Engineer  to  the  Tokyo 
Water- Works.  With  an  Appendix  on  THE  EFFECTS  OF  EARTHQUAKES 
ON  WATER-WORKS,  by  Professor  John  Milne,  F.R.S.  With  numerous 
Plates  and  Illustrations.  Super-royal  8vo,  25^-.  buckram. 
I.  Introductory.  —  II.  Different    Quali-        nection  of  Settling  Reservoirs,  Filter  Beds 

TIES  of  Water.— III.  Quantity  of  Water  to 

BE  Provided.— IV.  O.v  Ascertaining  whether 

A  Proposed  Source  of  Supply  is  Sufficient. 

—V.  On  ESTl.MATING  THE  STORAGE  CAPACITY 
REfjUIKKD  TO  BE  PROVIDED  — VI.  CLASSIFICA- 
TION of  Waterworks.— VII.  Impounding  Re- 
SERvoiRr..  —  VIII.  Earthwork  Dams.  —  IX. 
Masonry  Dams.— X.  The  Purification  of 
Water.  —  XI.   Settling   Reservoirs   —  XII. 

Sand  Filtration.—  XIII,  Purification  6f  Appendix.  Bv  Prof.  JOHN  MILNE,  F.R.S. 
Waterby  Action  of  Iron, Softening  ofWater  j  — Considerations  concerning  the  Prob- 
BV  ACTION  OP  Lime,  Natural  Filtration  —  |  able  Effects  of  Eakthquakes  on  Water- 
XIV.— Service  OR  Clean  Water  Reservoirs—  j  works,  and  the  Special  Precautions  to 
Water  Towers— Stand  Pipes.— XV.  The  Con-    I       be  taken  in  Earthquake  Countries. 

"  The  chapter  upon  filtration  of  water  is  very  complete,  and  the  details  of  construction  well  illus- 
trated. .  .  The  work  should  be  specially  valuable  to  civil  engineers  engaged  in  work  in  Japan, 
but  the  interest  is  bv  no  means  confined  to  that  locuVity/'—Enfriueer. 

"  We  congratulate  the  author  upon  the  practical  commonsense  shown  in  the  preparation  of  this 
work.  ...  The  plates  and  diagrams  have  evidently  been  prepared  with  great  care,  and  cannot 
fail  to  be  of  great  assistance  to  the  student^— Builder. 

"The  whole  art  of  waterworks  construction  is  dealt  with  in  a  clear  and  comprehensive  fashion  in 
this  handsome  volume.  .  .  .  Mr.  Burton's  practical  treatise  shows  in  all  its  sections  the  fruit  of 
independent  study  and  individual  experience.  It  is  largely  based  upon  his  own  practice  in  the  branch 
of  engineering  of  which  it  irtdiis."— Saturday  Review. 


and  Service  Reservoirs. — XVI.  Pumping  Ma- 
chinery.—XVI  I.  Flow  of  Water  in  Conduits 
— Pipes  and  Open  Channels.— XVIII.  Distri- 
bution Systems.- XIX.  Special  Provisions 
FOR  the  Extinction  of  Fire.— XX.  Pipes  for 
Waterworks.- XXI.  Prevention  of  Waste 
OF  Water.  —  XXII.  Various  Applications 
USED  IN  Connection  with  Waterworks. 


lo  CROSBY  LOCK  WOOD  <&-  SON'S  CATALOGUE. 


^ 


The  Water-Supply  of  Cities  ani  Towns. 

THE  WATER  SUPPLY  OF  CITIES  AND  TOWNS  (A  Com- 
prehensive Treatise  on).  By  William  Humber,  A. -M.Inst. C.E.,  and  M.Inst.M.E., 
Author  of  "Cast  and  Wrought  Iron  Bridge  Construction,"  &c.  &c.  Illustrated  with 
50  Double  Plates,  i  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  250  Wood- 
cuts, and  containing 400  pages  of  Text.  Imp.  4to,  £6  6s.  elegantly  and  substantially 
half-bound  in  morocco. 

List  of  Contents. 


I.  Historical  Sketch  of  some  of  the  means 

THAT  HAVE  BEEN  ADOPTED  FOR  THE  SuPPLY  OF 

Water  to  Cities  and  Towns.— II.  Water  and 
THE  Foreign  Matter  usually  associated 
WITH  1T.--III.  Rainfall  and  Evaporation. — 
IV.  Springs  and  the  Water-bearing  Forma- 
tions OF  various  Districts. — V.  Measurement 
a.«d  Estimation  of  the  Flow  of  Water. — 
VI.  On  the  Selection  of  the  Source  of 
Supply.  —  VII.  Wells.  —  VIII.  Reservoirs. — 
IX.  The  Purification  of  Water.— X.  Pumps. 
— XI.  Pumping  Machinery.— XII.  Conduits.— 


XIII.  Distribution  of  Water.— XIV.  Meters, 
Service  Pipes,  and  House  Fittings.  XV. 
The  Law  and  Economy  of  Water  Works. — 

XVI.  Constant  and  Intermittent  Supply. — 

XVII.  Description  of  Plates.— Appendices, 
giving  Tables  of  Rates  of  Supply,  Velo- 
cities, &c.  &c.,  together  with  Specifica- 
tions of  several  Works  illustrated,  among 
which  will  be  found:  Aberdeen,  Bideford, 
Canterbury,  Dundee,  Halifax,  Lambeth 
Rotherham,  Dublin,  and  others. 


"The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in  English,  or  in  any 
other  language.  .  .  .  Mr.  Humber's  work  is  characterised  almost  throughout  by  an  exhaustiveness 
much  more  distinctive  of  French  and  German  than  of  English  technical  treatises."— .£"«^/«^^r. 

Water  Supply, 

RURAL    WATER    SUPPLY:    A    Practical   Handbook   on   the 

Supply  of  Water  and  Construction  of  Waterworks  for  small  Country  Districts.     By 

Allan  Greenwell,  A.M.I.C.E.,  and  W.  T.  Currv,  A.M.I.C.E.,  F.G.S.    With 

Illustrations.     Crown  8vo,  ^s.  cloth.  \Just published. 

"  Wa  conscientiously  recommend  it  as  a  very  useful  book  for  those  concerned  in  obtaining  water 

for  small  districts,  giving  a  great  deal  of  practical  information  in  a  small  compass." — Builder. 

"  The  volume  contains  valuable  information  upon  all  matters  connected  with  water  supply.  .  . 
It  is  full  of  details  on  points  which  are  continually  before  waterworks  engineers." — Nature. 

Hydraulic  Tables. 

HYDRAULIC  TABLES,  CO- EFFICIENTS,  AND  FORMUL/E 

for  Finding  the  Discharge  of  Water  from  Orifices,  Notches,   Weirs,    Pipes,    and 

Rivers.     With  New  Formulae,  Tables,  and  General  Information  on  Rain-fall,  Catch- 

ment-Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill  Power.     By 

John  Neville,  Civil  Engineer,  M.R.I.  A.     Third  Edition,  carefully  revised,  with 

considerable  Additions.     Numerous  Illustrations.     Crown  8vo,  I4j-.  cloth. 

"  It  is,  of  all  English  books  on  the  subject,  the  one  nearest  to  completeness     ....     From  the 

good  arrangement  of    the   matter,   the   clear   explanations   and   abundance   of  formula;,  the   carefully 

calculated  tables,  and,  above  all,  the  thorough  acquaintance  with  both  theory  and  construction,  which  is 

displayed  from  first  to  last,  the  book  will  be  found  to  be  an  acquisition." — Architect. 

Hydraulics. 

HYDRAULIC  MANUAL.     Consisting  of  Working  Tables  and  Ex- 
planatory Text.     Intended  as  a  Guide  in  Hydraulic  Calculations  and  Field  Opera- 
tions.    By  Lovvis  B'A.  Jackson,  Author  of  '*  Aid  to  Survey  Practice,"  "  Modern 
Metrology,"  &c.     Fourth  Edition,  Enlarged.     Large  crown  8vo,  i6s.  cloth. 
'*  The  author  has  had  a  wide  experience  in  hydraulic  engineering  and  has  been  a  careful  observer  of 
the  facts  which  have  come  under  his  notice,  and  from  the  great  mass  of  material  at  his  command  he  has 
constructed  a  manual  which  may  be  accepted  as  a  trustworthy  guide  to  this  branch  of  the  engineer's  pro- 
fession."— Engineering . 

"  The  most  useful  feature  of  this  work  is  its  freedom  from  what  is  superannuated,  and  its  thorough 
adoption  of  recent  experiments ;  the  text  is  in  fact  in  great  part  a  short  account  of  the  great  modern 
experiments." — Nature. 

Water  Storage,  Conveyance,  and  Utilisation. 

WATER  ENGINEERING  :  A  Practical  Treatise  on  the  Measure- 
ment, Storage,  Conveyance,  and  Utilisation  of  Water  for  the  Supply  of  Towns, 
for  Mill  Power,  and  for  other  Purposes.  By  Charles  Slagg,  A. -M.Inst. C.E. 
Second  Edition.  Crown  8vo,  7^-.  6d.  cloth. 
"  As  a  small  practical  treatise  on  the  water  supply  of  towns,  and  on  some  applications  of  water- 
power,  the  work  is  in  many  respects  excellent." — Engineering. 

"The  author  has  collated  the  results  deduced  from  the  experiments  of  the  most  eminent 
authorities,  and  has  presented  them  in  a  compact  and  practical  form,  accompanied  by  very  clear 
and  detailed  explanations.  .  .  The  application  of  water  as  a  motive  power  is  treated  very  carefully 
and  exhaustively." — Builder. 
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Construction  of  Masonry  Dams. 

MASONRY  DAMS    FROM    INCEPTION   TO   COMPLETION. 

Including  numerous  Formula;,  Forms  of  Specification  and  Tender,  Pocket  Dia- 
gram of  Forces,  &c.  For  the  use  of  Civil  and  Mining  Engineers.  By  C.  F. 
Courtney,  M.Inst.C.E.     8vo,  gs.  cloth.  \yust  published. 

Riuer  Engineering. 

RIVER  BARS  :   The  Causes  of  their  Formation,  and  their  Treatment 

by  "  Induced  Tidal  Scour;"  with  a  Description  of  the  Successful  Reduction   by 
this  Method  of  the  Bar  at  Dublin,     By  I.  J.  Mann,  Assist.  Eng.  to  the  Dublin 
Port  and  Docks  Board.     Royal  8vo,  7^-,  6d.  cloth. 
"  We  recommend  all  interested  in  harbour  works — and,  indeed,  those  concerned  in  the  improvements 
of  rivers  generally — to  read  Mr.  Mann's  interesting  work  on  the  treatment  of  river  bars." — Eng^ineer. 

Drainage. 

DRAINAGE    OF    LANDS,  TOWNS,  AND    BUILDINGS.     By 

G.  D.  Dempsev,  C.E.     Revised,  with  large  Additions  on  Recent  Practice  in 
Drainage   Engineering,  by  D.   Kinnear    Clark,    M.Inst.   C.E.,  Author  of 
"Tramways  :  their  Construction  and  Working."     Fcap.  8vo,  4^.  6d.  cloth. 
"The  new  matter  added  to  Mr.  Dempsey's  excellent  work  is  characterised  by  the  comprehensive 

grasp   and   accuracy  of  detail  for  which  the   name   of  Mr.  D.  K.  Clark  is  a  sufficient  voucher."— 

AthetKPuvi. 

Tramways  and  tJieir  Worliing. 

TRAMWAYS:     THEIR   CONSTRUCTION    AND    WORKING. 

Embracing  a  Comprehensive  History  of  the  System  ;  with  an  exhaustive  Analysis  of 
the  V'arious  Modes  of  Traction,  including  Horse  Power,  Steam,  Cable  Traction, 
Electric  Traction,  &c.  ;  a  Description  of  the  Varieties  of  Rolling  Stock  ;  and  ample 
Details  of  Cost  and  Working  Expenses.  New  Edition,  Thoroughly  Revised, 
and  Including  the  Progress  recently  made  in  Tramway  Construction,  &c.  ike.  By 
D.  Kinnear  Clark,  M.Inst.  C.E.  With  400  Illustrations.  8vo,  780  pages. 
Price  28j.,  buckram.  {Just published. 

"Although  described  as  a  new  edition,  this  book  is  really  a  new  one,  a  large  part  of  it,  which  covers 
historical  ground,  having  been  re-written  and  amplified  ;  v^hile  the  parts  which  relate  to  all  that  has 
b=en  done  since  1882  appear  in  this  edition  only.  It  is  sixteen  years  since  the  first  edition  appeared, 
and  twelve  years  since  the  supplementary  volume  to  the  first  book  was  published.  After  a  lapse,  then, 
of  twelve  years,  it  is  obvious  that  the  author  has  at  his  disposal  a  vast  quantity  of  descriptive  and  statis- 
tical information,  with  which  he  may,  and  has,  produced  a  volume  of  great  value  to  all  interested  in 
tramway  construction  and  working.  The  new  volume  is  one  which  will  rank,  among  tramway  engineers 
and  those  interested  in  tramway  working,  with  his  world-lamed  book  on  railway  machinery." — The 
Engineer,  March  8,  1895. 

Student's  Text-BooH  on  Surveying. 

PRACTICAL  SURVEYING  :  A  Text-Book  for  Students  preparing 

for  Examinations  or  for  Survey-work  in  the  Colonies.      By  George  W.   Usill, 

A. M.I. C.E.     With  4  Plates  and  upwards  of  330  Illustrations.     Fourth  Edition, 

Revised  and  Enlarged,     Including  Tables  of  Natural  Sines,   Tangents,   Secants, 

&c.     Crown  8vo,  ys.  6d.  cloth  ;  or,  on  Thin  Paper,  bound  in  limp  leather,  gilt 

edges,  rounded  corners,  for  pocket  use,  price  I2s.  6d. 

"The  best  forms  of  instruments  are  described  as  to  their  construction,  uses  and  modes  of 

employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author,  in  his 

experience  as  surveyor,  draughtsman  and  teacher,  has  found  necessary,  and  which  the  student  in 

his  inexperience  will  find  most  serviceable." — Engineer. 

"The  latest  treatise  in  the  English  language  on  surveying,  and  we  have  no  hesitation  in  saying 
that  the  student  will  hnd  it  a  better  guide  than  any  of  its  predecessors.  Deserves  to  be  recognised 
as  the  first  book  which  should  be  put  in  the  hands  of  a  pupil  of  Civil  Engineet'mg."— Architect. 

Survey  Practice. 

AID    TO    SURVEY    PRACTICE:     for  Reference    in    Surveying, 

Levelling,  and  .Setting-out  ;  and  in  Route  Surveys  of  Travellers  by  Land  and  Sea. 
With  Tables,  Illustrations,  and  Records.       By  Lowis  D'A.  Jackson,  A.M.I.C.E. 
Second  Edition,  Enlarged.     Large  crown  8vo,  12s.  6d.  cloth. 
"Mr.  Jackson  has  produced  a  valuable  vade-inecu7n  for  the  surveyor.    We  can  recommend  this  book 
as  containing  an  admirable  supplement  to  the  teaching  of  the  accomplished  surveyor." — AthencBum. 

"As  a  text-book  we  should  advise  all  surveyors  to  place  it  in  their  libraries,  and  study  well  the 
matured  instructions  afforded  in  its  pages." — Colliery  Guardian. 

"  The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  experience  which,  aided  by 
a  clcir  and  lucid  style  of  writing,  renders  the  book  a  very  useful  one." — Builder, 
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Engineers'  Field-Booh. 

FIELD-BOOK  FOR  ENGINEERS,  MINING  SURVEYORS,  &c. 

Consisting  of  a  Series  of  Tables,  with  Rules,  Explanations  of  Systems,  and  use  of 
Theodolite  for  Traverse  Surveying  and  Plotting  the  Work  with  minute  accuracy  by 
means  of  Straight  Edge  and  Set  Square  only  ;  Levelling  with  the  Theodolite, 
Casting-out  and  Reducing  Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary 
manner  ;  Setting-out  Curves  with  the  Theodolite  by  Tangential  Angles  and  Multiples 
with  Right  and  Left-hand  Readings  of  the  Instrument ;  Setting-out  Curves  without 
Theodolite  on  the  System  of  Tangential  Angles  by  Sets  of  Tangents  and  Offsets ; 
and  Earthwork  Tables  to  80  feet  deep,  calculated  for  every  6  inches  in  depth.  By 
W.  Davis  Haskoll,  C.E.  With  numerous  Woodcuts.  Fourth  Edition,  Enlarged. 
Crown  8vo,  12s.  cloth. 

"  The  book  is  very  handy  ;  t  le  separate  tables  of  sines  and  tangents  to  every  minute  will  make  it 
useful  for  many  other  purposes,  the  genuine  traverse  tables  existing  all  the  same." — A  tkeneEum. 

"  Every  person  engaged  in  engineering  field  operations  will  estimate  the  importance  of  such  a  work 
and  the  amount  of  valuable  time  which  will  be  saved  by  reference  to  a  set  of  reliable  tables  prepared 
with  the  accuracy  and  fulness  of  those  given  in  this  volume." — Railway  News. 

Surveying,  Land  and  Marine. 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  the  Pre- 
paration of  Plans  for  Roads  and  Railways  ;  Canals,  Rivers,  Towns'  Water  Supplies  ; 
Docks  and  Harbours.  With  Description  and  Use  of  Surveying  Instruments.  By 
W.  Davis  Haskoll,  C.E.,  Author  of  "Bridge  and  Viaduct  Construction,"  &c. 
Second  Edition,  Revised,  with  Additions.  Large  crown  Svo,  9^.  cloth. 
"  This  book  must  prove  of  great  value  to  the  student.  We  have  no  hesitation  in  recommending  it, 
feeling  assured  that  it  will  more  than  repay  a  careful  study." — Mechanical  IVorld. 

"  A  most  useful  and  well  arranged  book  for  the  aid  of  a  student.    We  can  strongly  recommend  it  as 
a  carefully-written  and  valuable  text-book.    It  enjoys  a  well-deserved  repute  among  surveyors." — Bitilder. 
"  This  volume  cannot  fail  to  prove  of  the  utmost  practical  utility.     It  may  be  safely  recommended  to 
all  students  who  aspire  to  become  clean  and  expert  surveyors."— iJ///«'«£-  Journal. 

Levelling. 

PRINCIPLES   AND    PRACTICE    OF   LEVELLING.     Showing 

its  Application  to  purposes  of  Railway  and  Civil  Engineering  in  the  Construction  of 
Roads ;  with  Mr.  Telford's  Rules  for  the  same.  By  Frederick  W.  Simms, 
F.G.S.,  M.  Inst.  C.E.  Seventh  Edition,  with  the  addition  of  Law's  Practical 
Examples  for  Setting-out  Railway  Curves,  and  Trautvvine's  Field  Practice  of 
Laying-out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts,  Svo,  ?)S.  6d. 
cloth.  *^*  Trautwine  on  Curves  may  be  had  separate,  ^s. 

"  The  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges." — Engineer 
"  The  publishers  have  rendered  a  substantial  service  to  the  profession,  especially  to  the  younger 
members,  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  work." — Engineering. 

Trigonometrical  Surveying . 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 

TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geographical  and 
Topographical  Maps  and  Plans,  Military  Reconnaissance,  LEVELLING,  &c., 
with  Useful  Problems,  Formulae,  and  Tables.  By  Lieut. -General  Frome,  R.E. 
Fourth  Edition,  Revised  and  partly  Re-written  by  Major-General  Sir  Charles 
Warren,  G.C.M.G.,  R.E.  With  19  Plates  and  115  Woodcuts,  royal  Svo,  i6s.  cloth. 

"No  words  of  praise  from  us  can  strengthen  the  position  so  well  and  so  steadily  maintained  by 
this  work.  Sir  Charles  Warren  has  revised  the  entire  work,  and  made  such  additions  as  were  necessary  to 
bring  every  portion  of  the  contents  up  to  the  present  date." — Broad  Arrow. 

Curves,  Tables  for  Setting -out. 

TABLES    OF   TANGENTIAL    ANGLES    AND    MULTIPLES 
FOR  SETTING =OUT  CURVES  from  5  to  200  Radius.      By  A.  Beazeley, 
M.Inst. C.E.      4th  Edition.      Printed  on  48  Cards,  and  sold  in  a  cloth  box,  waist- 
coat-pocket size,  3J.  6d. 
"  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves  the  hands  free 

to  manipulate  the  instrument — no  small  advantage  as  regards  the  rapidity  of  work." — Engineer. 

"  Very  handy  :  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these  cards,  which  he  puts 

into  his  own  card-case,  and  leaves  the  rest  behind  " — AtJieficEum. 

Earthwork. 

HANDY    GENERAL    EARTHWORK    TABLES.      Giving   the 

Contents  in  Cubic  Yards  of  Centre  and  Slopes  of  Cuttings  and  Embankments  from 
3  inches  to  80  feet  in  Depth  or  Height,  for  use  with  either  66  feet  Chain  or  loo  feet 
Chain.  By  J.  H.  Watson  Buck,  M.Inst. C.E.  On  a  Sheet  mounted  in  cloth 
case,  3^-.  dd,  \yust  published. 
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Earthwork. 

EARTHWORK  TABLES.     Showing  the  Contents  in  Cubic  Yards 

of  Embankments,  Cuttings,  &c.,  of  Heights  or  Depths  up  to  an  average  of  80  feet. 
By  Joseph  Broadbent,  C.E.,  and  Francis  Campin,  C.E.    Crown  8vo,  ^s,  cloth. 

"  The  way  in  which  accuracy  is  attained,  by  a  simple  division  of  each  cross  section   into  three 
elements,  two  in  which  are  constant  and  one  variable,  is  ingenious." — Athenceum. 

Earth Lu or k,  Measurement  of. 

A  MANUAL  ON   EARTHWORK.     By  Alex.  J.  S.  Graham,  C.E. 
With  numerous  Diagrams.     Second  Edition.     i8mo,  2s.  6d.  cloth. 

Tunnel  Shafts. 

THE  CONSTRUCTION  OF  LARGE   TUNNEL   SHAFTS:     A 

Practical    and    Theoretical    Essay.       By   J.    H.    Watson    Buck,    M.Inst. C.E. , 
Resident  Engineer,  L.  and  N.  W.  R.     With  Folding  Plates,  8vo,  12s.  cloth. 
"  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason,  and  the  observations  on 
the  form  of  arch,  the  rules  for  ordermg  the  stone,  and  the  construction  of  the  templates,  will  be  found  of 
considerable  use.     We  commend  the  book  to  the  engineering  profession." — Building^  News. 

"  Will  be  regarded  by  civil  engineers  as  of  the  utmost  value,  and  calculated  to  save  much  time  and 
obviate  many  mistakes." — Collierv  Guardian. 

Cast  and  Wrought  Iron  Bridge  Construction. 

CAST   AND   WROUGHT    IRON    BRIDGE    CONSTRUCTION 

(A  Complete  and  Practical  Treatise  on),  including  Iron  Foundations.  In  Three  Parts 
— Theoretical,  Practi^.al,  and  Descriptive.  By  William  Humber,  A. -M.Inst. C.E. , 
and  M.Inst. M.E.  Third  Edition,  revised  and  much  improved,  with  115  Double 
Plates  (20  of  which  now  first  appear  in  this  edition),  and  numerous  Additions  to 
the  Text.  In  2  vols.,  imp.  4to,  £6  i6s.  6c/.  half-bound  in  morocco. 
"  A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.     In  addition  to  elev.itions, 

plans,  and  sections,  large  scale  details  are  given,  which  very  much  enhance  the  instructive  worth  of  those 

illustrations." — Ctril  Engiiieer  and  A  rchitect's  Journal. 

"Mr,  Humber's  stately  volumes,  lately  issued — in  which  the  most  important  bridges  erected  during 

the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W.  Cubitt,  Mr.  Hawkshaw,  Mr.  Page, 

Mr.  Fowler,  Mr.  Hemans,  and  others  among  our  most  eminent  engineers,  are  drawn  and  specified  in 

great  detail." — Engineer. 

Oblique  Bridges, 

ESSAY  ON  OBLIQUE  BRIDGES  (Practical  and  Theoretical). 
With  13  large  Plates.  By  the  late  George  Watson  Buck,  M.I. C.E.  Fourth 
Edition,  revised  by  his  Son,  J.  H.  Watson  Buck,  M.I. C.E. ;  and  with  the  addition 
of  Description  to  Diagrams  for  Facilitating  the  Construction  of  Oblique  Bridges, 
by  W.  H.  Barlow,  M.I. C.E.     Royal  8vo,  12s.  cloth. 

"The  standard  text-book  for  all  engineers  regarding  skew  arches  is  Mr.  Buck's  treatise,  and  it  would 
be  impossible  to  consult  a  better." — Engineer. 

*'Mr.  Buck's  treatise  is  recognised  as  a  standard  text-book,  and  his  treatment  has  divested  the  subject 
of  many  of  the  intricacies  supposed  to  belong  to  it.  As  a  guide  to  the  engineer  and  architect,  on  a 
confessedly  difficult  subject,  Mr,  Buck's  work  is  unsurpassed." — Builaing  News. 

Oblique  Arches. 

THE   CONSTRUCTION   OF   OBLIQUE    ARCHES  (A  Practical 

Treatise  on).   By  John  Hart.  Third  Edition,  with  Plates.  Imperial  8vo,  Zs.  cloth. 

Statics,  Graphic  and  Analytic. 

GRAPHIC  AND  ANALYTIC  STATICS,  in  their  Practical  Appli- 
cation to  the  Treatment  of  Stresses  in  Roofs,  Solid  Girders,  Lattice,  Bowstring,  and 
Suspension  Bridges,  Braced  Iron  Arches  and  Piers,  and  other  Frameworks.  By 
R.  Hudson  Graham,  C.E.  Containing  Diagrams  and  Plates  to  Scale.  With 
numerous  Examples,  many  taken  from  existing  Structures.  Specially  arranged 
for  Class- work  in  Colleges  and  Universities.  Second  Edition,  Revised  and  En- 
larged. 8vo,  i6j.  cloth. 
"  Mr.  Graham's  book  will  find  a  place  wherever  graphic  and  analytic  statics  are  used  or  studied."— 
Engineer. 

"  The  work  is  excellent  from  a  practical  point  of  view,  and  has  evidently  been  prepared  with  much 
care.  The  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  of  well-selected 
examples.     It  is  an  excellent  text-book  for  the  practical  draughtsman." — Athenceum. 

Girders,  Strength  of 

GRAPHIC  TABLE  for  Facilitating  the  Computation  of  the  Weights 
of  Wrought  Iron  and  Steel  Girders,  &c.,  for  Parliamentary  and  other  Estimates. 
By  J.  H.  Watson  Buck,  M.  last.  C.E.     On  a  Sheet,  2s.  6d. 
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Strains,  Calculation  of. 

A  HANDY  BOOK  FOR  THE  CALCULATION  OF  STRAINS 

in  Girders  and  Similar  Structures  and  their  Strength.     Consisting  of  Formulae  and 
Corresponding  Diagrams,  with  numerous  details  for  Practical  Application,  &c.     By 
William  Humber,  A.-M.lnst.C.E.,  &c.     Fifth  Edition.     Crown  8vo,  with  nearly 
lOO  Woodcuts  and  3  Plates,  'js.  6d,  cloth. 
"  The  formulae  are  neatly  expressed,  and  the  diagrams  good." — Athemeum. 

"We  heartily  commend  this  really  handy  book  to  our  engineer  and  architect  readers." — English 
Mechanic. 

Trusses. 

TRUSSES  OF  WOOD  AND  IRON.  Practical  Applications  of 
Science  in  Determining  the  Stresses,  Breaking  Weights,  Safe  Loads,  Scantlings, 
and  Details  of  Construction.  With  Complete  Working  Drawings.  By  William 
Griffiths,  Surveyor,  Assistant  Master,  Tranmere  School  of  Science  and  Art. 
Oblong  8vo,  4J.  6r/.  cloth. 
* '  This  handy  little  book  enters  so  minutely  into  every  detail  connected  with  the  construction  of  roo'' 
trusses  that  no  student  need  be  ignorant  of  these  matters." — Practical  Engineer. 

Strains  in  Ironwork. 

THE   STRAINS   ON   STRUCTURES   OF   IRONWORK;    with 

Practical  Remarks  on  Iron  Construction.    By  F.  W.  Sheilds,  M.I.C.E.    8vo,  5^.  cl. 

Barlow's  Strength  of  Materials,  Enlarged  by  Humber. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS;    with 

Rules  for  application  in  Architecture,  the  Construction  of  Suspension  Bridges, 
Railways,  &c.  By  Peter  Barlow,  F.R.S.  A  New  Edition,  revised  by  his  Sons, 
P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S.  ;  to  which  are  added, 
Experiments  by  Hodgkinson,  Fairbairn,  and  Kirkaldy  ;  and  Formulae  for 
Calculating  Girders,  &c.  Arranged  and  Edited  by  Wm.  Humber,  A.-M.Inst.C.E. 
Demy  8vo,  400  pp.,  with  19  large  Plates  and  numerous  Woodcuts,  i8j.  cloth. 
"  Valuable  alike  to  the  student,  tyro,  and  the  experienced  practitioner,  it  will  always  rank  in  future 

as  it  has  hitherto  done,  as  the  standard  treatise  on  that  particular  subject." — Engineer. 

•'As  a  scientific  work  of  the  first  class,  it  deserves  a  foremost  place  on  the  bookshelves  of  every 

civil  engineer  and  practical  mechanic." — English  Mechanic. 

Cast  Iron  and  other  Metals,  Strength  of. 

STRENGTH  OF   CAST    IRON   AND   OTHER  METALS.     By 

Thomas  Tredgolu,  C.E.     Fifth  Edition,  including  Hodgkinson 's  Experimental 
Researches.     8vo,  12s.  cloth. 

Railway  Working. 

SAFE  RAILWAY  WORKING  :    A  Treatise  on  Railway  Accidents, 

their  Cause  and  Prevention  ;  with  a  Description  of  Modern  Appliances  and 
Systems.  By  Clement  E.  Stretton,  C.E.,  Vice-President  and  Consulting 
Engineer,  Amalgamated  Society  of  Railway  Servants.  With  Illustrations  and 
Coloured  Plates.  Third  Edition,  Enlarged.  Crown  8vo,  3^.  6d.  cloth. 
"  A  book  for  the  engineer,  the  directors,  the  managers  ;  and,  in  short,  all  who  wish  for  information 
on  railway  matters  will  find  a  perfect  encyclopa;dia  in  '  Safe  Railway  Working.'  " — Railway  Review. 

"We  commend  the  remarks  on  railway  signalling  to  all  railway  managers,  especially  where  a  uniforn. 
code  and  practice  is  advocated." — Herefiath's  Railway  Journal. 

"The  author  may  be  congratulated  on  having  collected,  in  a  very  convenient  form,  much  valuable 
information  on  the  principal  questions  affecting  the  safe  working  of  railways." — Railway  Engineer. 

Heat,  Expansion  by. 

EXPANSION  OF  STRUCTURES  BY  HEAT.     By  John  Keily, 

C.E.,  late  of  the  Indian  Public  Works   Department.     Crown  8vo,  3^.  6d.  cloth. 
"The  aim  the  author  has  set  before  him,  viz,,  to  show  the  effects  of  heat  upon  metallic  and  other 
structures,  is  a  laudable  one,  for  this  is  a  branch  of  physics  upon  which  the  engineer  or  architect  can 
find  but  little  reliable  and  comprehensive  data  in  books.'' — Builder. 

Field  Fortification. 

A    TREATISE    ON    FIELD    FORTIFICATION,   The  Attack  of 

Fortresses,    Military   Mining,    and    Reconnoitring.      By   Professor  Colonel    I.    S. 
Macaulay.     Sixth  Edition,  crown  8vo,  with  separate  Atlas  of  12  Plates,  12s.  cloth. 
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MR.  NUMBER'S  GREAT  WORK  ON  MODERN   ENGINEERING. 

Complete  in  Four  Volumes,  imperial  410,  price  ;,{^I2   12s.  half-morocco.    Each  volume 
sold  separately  as  follows  : — 

RECORD  OF  THE  PROGRESS  OF  MODERN  ENGINEERING. 

First  Series.  Comprising  Civil,  Mechanical,  Marine,  Hydraulic,  Railway,  Bridge, 
and  other  Engineering  Works,  &c.  By  William  Humber,  A.-M.Inst.C.E.,  &c. 
Imp.  4to,  with  36  Double  Plates,  drawn  to  a  large  scale,  Photographic  Portrait  of 
John  Hawkshaw,  C.E.,  F.R.S.,  (ic,  and  copious  descriptive  Letterpress,  Specifica- 
tions, &c.,  ^3  31'.  half-morocco. 

List  of  the  Plates  and  Diagrams. 

Victoria  Station  and  Roof,  L.  B.  &  S.  C.  R.  :  Bridge  over  the  Thames,  West  London  Ex- 
(8  plates):  Socthport  Pier  (2  plates);  Vic-  j  tension  Railway  (5  plates)  ;  Armour  Plates: 
toria    Station    and    Roof,   L.  C.    &   D.   and        -  -- 

G.  W.  R.  (6  plates)  ;  Roof  of  Cremorne  Music 
Hall;  Bridge  over  G.  N.  Railway;  Roof  of 
Station,   Dutch    Rhenish    Rail  (2  plates); 

•'Handsomely  lithographed  and  printed.  It  will  find  favour  with  many  who  desire  to  preserve  in  a 
permanent  form  copies  of  the  plans  and  specifications  prepared  for  the  guidance  of  the  contractors  for 
many  important  engineering  works." — Enguieer. 

HUMBER'S  PROGRESS  OF  MODERN  ENGINEERING.  Second 

Srries.  Imp.  4to,  with  3  Double  Plates,  Photographic  Portrait  of  Robert 
Stephenson,  C.E.,  M.P.,  F.R.S.,  &c.,  and  copious  descriptive  Letterpress,  Speci- 
fications, 6cc.,  ^3  is.  half-morocco. 

List  of  the  Plates  and  Diagrams. 

Birkenhead  Docks,  Low  Water  Basin  (15        Merthyr,  Tredegar,  and  Abergavenny  Rail- 


Suspension  Bridge,  Thames  (4  plates)  ;  The 
Allen  Engine;  Suspension  Bridge,  Avon 
(3  plates)  ;  Underground  Railway  (3  plates). 


WAY ;  College  Wood  Viaduct,  Cornwall 
Railway  ;  Dublin  Winter  Palace  Roof  (3 
plates)  ;  Bridge  over  the  Thames,  L.  C. 
and  D.  Railway  (6  plates)  ;  Albert  Harbour, 
Greenock  (4  plates). 


plates)  ;  Charing  Cross  Station  Roof,  C.  C 
Railway  (3  plates)  ;  DigswellViaduct,  Great 
Northern  Railway;  Robbery  Wood  Viaduct, 
Great  Northern  Railway;  Iron  Permanent 
Way;  Clydach  Viaduct  ;  Merthyr,Tredegar, 
AND  Abergavenny  Railway;  Ebbw  Viaduct, 

■•  Mr.  Humber  has  done  the  profession  good  and  true  service,  bv  the  fine  collection  of  examples  he  has 
hce  brought  before  the  profession  and  the  public." — Practical  Mechanic's  Joicrnal. 

HUMBER'S  PROGRESS  OF  MODERN  ENGINEERING.  Third 
Series.  Imp.  4to,  with  40  Double  Plates,  Photographic  Portrait  of  J.  R.  M 'Clean, 
late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress,  Specifications,  &c., 
;^3  3J.  half-morocco. 

List  of  the  Plates  and  Diagrams. 

Main  Drainage,  Metropolis.— JVor^/i  Side. —  plates)  ;  Outfall  Sewer,  Reservoir  and 
Map    showing     Interception     of     Sewers;   |     Outlet  (4  plates);  Outfall  Sewer,   Filth 

Middle   Level  Sewer  (2  plates);    Outfall   I  Hoist;     Sections    of    Sewers    (North    and 

Sewer,  Bridge  over  River  Lea  (3  plates);  South  Sides). 

Outfall  Sewer,  Bridge  ovlr  Marsh  Lane,    I  Thames  Embankment. — Section    of    River 

North  Woolwich    Railway,  and    Bow    and   '  Wall;    Steamboat     Pier,    Westminster    (2 

Barking  Railway  Junction  ;  Outfall  Sewer,  plates);  Landing   Stairs  between  Charing 

Bridge    over    Bow    and     Barking     Railway  Cross  and  Waterloo  Bridges;  York  Gate 

{3    plates);    Outfall    Sewer,    Bridge    over  (2  plates);  Overflow  and  Outlet  at  Savoy 

East  LondonWaterworks' Feeder  (2  plates);  Street  Sewer  (3  plates);  Steamboat  Pier, 

Outfall  Sewer  Reservoir  (2  plates)  ;  Out-   i  Waterloo  Bridge  (3   plates);    Junction  of 

fall    Sewer,    Tumbling    Bay    and    Outlet;   :  Sewers,     Plans     and     Sections;     Gullies, 

Outfall    Sewer,    Penstocks.     South  Side.—   1  Plans,     and      Sectioms;     Rolling     Stock; 

Outfall     Sewer,    Bermondsey     Branch    (2   I  Granite  and  Iron  Forts. 

"  The  drawings  have  a  constantly  increasing  value,  and  whoever  desires  to  possess  clear  representa- 
tions of  the  two  great  works  carried  out  by  our  Metropolitan  Board  will  obtain  Mr.  Humber's 
\o\\imc"— Engineer. 

HUMBER'S  PROGRESS  OF  MODERN  ENGINEERING.    Fourth 

Series.  Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  of  John  Fowlt-r, 
late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress,  Specifications,  &c., 
£Z  Z^'  half-morocco. 

List  of  the  Plates  and  Diagrams. 

Abbey  Mills  Pumping  Station,  Main  Drain-  Viaduct  over  the  River  Wye,  Midland  Rail- 
age, Metropolis  (4  plates);  Barrow  Docks  i  way  {3  plates)  ;  St.  Germans  Viaduct,  Cokn- 
(5  plates);  Manquis  Viaduct,  Santiago  and  |  wall  Railway  (2  plates);  Wrought-Ikon 
Valparaiso  Railway  (2  plates);  Adam's  Lo-  Cylinder  for  Diving  Bell;  Millwall  Docks 
COMOTIVE,  St.  Helen's  Canal  Railway  (2  '  (6  plates);  Milroy's  Patent  Excavator; 
plates);  Cannon  Street  Station  Roof,  Metropolitan  District  Railway  (6  plates)  ; 
Charing  Cross  Railway  (3  plates);  Road  Harbours,  Ports,  and  Breakwaters  (3 
Bridge  over  the  River  Moka  (2  plates);  1  plates). 
Telegraphic  Apparatus  for    Mesopotamia;  ! 

"  We  gladly  welcome  another  year's  issue  of  this  valuable  publication  from  the  able  pen  of  Mr.  Hum- 
ber. The  accuracy  and  general  excellence  of  this  work  are  well  known,  while  its  usefulness  in  giving 
the  measurements  and  details  of  some  of  the  latest  examples  of  engineering,  as  carried  out  by  the  most 
eminent  men  in  the  profession,  cannot  be  too  highly  priz«d." — Artizan. 
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THE  POPULAR   WORKS  OF  MICHAEL  REYNOLDS 

("The  Engine  Driver's  Friend"). 
Locomotiue-Engine  Driving. 

LOCOMOTIVE  ENGINE  DRIVING  :  A  Practical  Manual  for 
Engineers  in  Charge  of  Locomotive  Engines.  By  Michael  Reynolds,  Member 
of  the  Society  of  Engineers,  formerly  Locomotive  Inspector,  L.  B.  and  S.  C.  R. 
Ninth  Edition.  Including  a  Key  to  the  Locomotive  Engine.  With  Illustra- 
tions and  Portrait  of  Author.     Crown  8vo,  4^.  6d.  cloth. 

"  Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  it  well.  We  can  confidently  recommend  the 
book  not  only  to  the  practical  driver,  but  to  everyone  who  takes  an  interest  in  the  performance  of  loco- 
motive engines."—  The  Engineer. 

"Mr.  Reynolds  has  opened  a  new  chapter  in  the  literature  of  the  day.     This  admirable  practical 
treatise,  of  the  practical  utility  of  which  we  have  to  speak  in  terms  of  warm  commendation." — Athemeum. 
"  Evidently  the  work  of  one  who  knows  his  subject  thoroughly." — Railway  Service  Gazette. 
"Were  the  cautions  and  rules  given  in  the  book  to  become  part  of  the  every-day  working  of  our 
engine-drivers,  we  might  have  fewer  distressing  accidents  to  deplore." — Scotsman. 

Stationary  Engine  Driving. 

STATIONARY    ENGINE    DRIVING:    A   Practical   Manual   for 

Engineers  in  Charge   of   Stationary  Engines.     By  Michael  Reynolds.      Fifth 

Edition,  Enlarged.     With  Plates  and  Woodcuts.     Crown  8vo,  45-,  6df.  cloth. 

"The  author  is  thoroughly  acquainted  with  his  subjects,  and  his  advice  on  the  various  points  treated 

is  clear  and  practical.     ....     He  has  produced  a  manual  which  is  an  exceedingly  useful  one  for  the 

class  for  whom  it  is  specially  intended." — Engineering. 

■'  Our  author  leaves  no  stone  unturned.  He  is  determined  that  his  readers  shall  not  only  know 
something  about  the  stationary  engine,  but  all  about  it." — Engineer. 

'•  An  engineman  who  has  mastered  the  contents  of  Mr.  Reynolds's  book  will  require  but  little  actual 
experience  with  boilers  and  engines  before  he  can  be  trusted  to  look  after  iti&m."— English  Mechanic. 

The  Engineer,  Fireman,  and  Engine-Boy. 

THE  MODEL  LOCOMOTIVE  ENGINEER,  Fireman,  and  Engine- 
Boy.  Comprising  a  Historical  Notice  of  the  Pioneer  Locomotive  Engines  and 
their  Inventors.  By  Michael  Reynolds.  Second  Edition,  with  Revised  Appen- 
dix, With  numerous  Illustrations,  and  Portrait  of  George  Stephenson.  Crown 
8vo,  4J.  6d.  cloth.  [Just  published, 

"  From  tne  technical  knowledge  of  the  author,  it  will  appeal  to  the  railway  man  of  to-day  more  forcibly 

than  anything  written  by  Dr.  Smiles The  volume  contains  information  of  a  technical  kind, 

and  facts  that  every  driver  should  be  familiar  vf ith."— English  Mechanic. 

"We  should  be  glad  to  see  this  book  in  the  possession  of  everyone  in  the  kingdom  who  has  ever 

laid,  or  is  to  lay,  hands  on  a  locomotive  engine.'' — Iron. 

Continuous  Railwau  Bralies. 

CONTINUOUS  RAILWAY   BRAKES:    A  Practical  Treatise  on 

the  several  Systems  in  Use  in  the  United  Kingdom  :  their  Construction  and  Per- 
formance. W^ith  copious  Illustrations  and  numerous  Tables.  By  Michael 
Reynolds.     Large  crown  8vo,  9J.  cloth. 

"A  popular  explanation  of  the  different  brakes.  It  will  be  of  great  assistance  in  forming  public 
opinion,  and  will  be  studied  with  benefit  by  those  who  take  an  interest  in  the  brake." — English  Mechanic. 

"  Written  with  sufficient  technical  detail  to  enable  the  principal  and  relative  connection  of  the  various 
parts  of  each  particular  brake  to  be  readily  grasped." — Mechanical  World. 

Engine-Driving  Life. 

ENGINE-DRIVING   LIFE:  Stirring  Adventures  and  Incidents  in 

the  Lives  of  Locomotive  Engine-Drivers.     By  Michael  Reynolds.     Third  and 
Cheaper  Edition.     Crown  8vo,  is.  6d.  cloth. 
"  From  first  to  last  perfectly  fascinating.     Wilkie  Collins's  most  thrilling  conceptions  are  thrown  into- 
the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every  page." — North.  British  Mail. 

"  Anyone  who  wishes  to  get  a  real  insight  into  railway  life  cannot  do  better  than  read  '  Engine- 
Driving  Life'  for  himself,  and  if  he  once  takes  it  up  he  will  find  that  the  author's  enthusiasm  and  real 
love  of  the  engine-driving  profession  will  carry  him  on  till  he  has  read  every  page." — Saturday  Review. 

Pocfiet  Companion  for  Enginemen. 

THE    ENGINEMAN'S    POCKET    COMPANION    and    Practical 

Educator    for    Enginemen,   Boiler    Attendants,    and    Mechanics.      By  Michael 
Reynolds.    With  Forty-five  Illustrations  and  numerous  Diagrams.    Third  Edition,. 
Revised.     Royal  i8mo,  3^.  6d.  strongly  bound  for  pocket  wear. 
"  This  admirable  work  is  well  suited  to  accomplish  its  object,  being  the  honest  workmanship  of  a 
competent  engineer." — Glasgow  Herald. 

"A  most  meritorious  work,  giving  in  a  succinct  and  practical  form  all    the   information  an  engine- 
minder  desirous  of  mastering  the  scientific  principles  of  his  daily  calling  would  require." — The  Miller. 
"A  boon  to  those  who  are  striving  to  beconie  efficient  mechanics." — Daily  Chronicle. 


MARINE  ENGINEERING,  NAVIGATION,  ^c. 


MARINE    ENGINEERING,    SHIPBUILDING,   NAVIGA- 
TION, etc. 


Pochet-Booh  for  Naual  Architects  and  Shipbuilders. 

NAVAL  ARCHITECT'S  &  SHIPBUILDER'S  POCKET-BOOK 

of  Formula,  Rules,  and  Tables,  and  Marine  Engineer's  and  Surveyor's  Handy 
Book  of  Reference.  By  Clement  Mackrovv,  M.I.N.  A.  Sixth  Edition,  Revised, 
700  pages,  with  300  Illustrations.     Fcap.,  12s.  6d.  leather. 

Summary  of  Contents. 

Signs  and  Symbols,  Decimal  Fractions. —  Rules   for     Boilers. — Lloyd's    Weight    of 

Trigonometry. — PracticalGeometry. —  Men-  Chains.— Lloyd's    Scantlings    for    Ships.— 

sl'ration.—Centresand  Moments  OF  Figures.  Data  of  Engines  and  Vessels. — Ships' Fit- 

— Moments  OF  Inertia  and  Radii  OF  Gyration.  tings    and    Tests. — Seasoning    Preserving 

—  Algebraical  Expressions  for  Simpson's  Timber — Measurement  of  Timber.— Alloys, 
Rules.  —  Mechanical  Principles. — Centre  Paints,  Varnishes.— Data  for  Stowage.— 
of  Gravity.  —  Laws  of  Motion. — Displace-  Admiralty  Transport  Regulations. — Rules 
ment,  Centre  of  Buoyancy.  —  Centre  of  for  Horse-power,  Screw  Propellers,  etc. — 
Gravity  of  Ship's  Hull. — Stability  Curves  Percentages  for  Butt  Straps,  etc. — Parti- 
and  Metacentres. — Sea  and  Shallow-water  culars  of  Yachts. — Masting  and  Rigging 
Waves.— Rolling  of  Ships.— Propulsion  and  Vessels. — Distances  of  Foreign  Ports.— 
Resistance  of  Vessels.  —  Speed  Trials. —  Tonnage  Tables —Vocabulary  of  French 
Sailing,  Centre  of  Effort.  —  Distances  and  English  Terms. — English  Weights  and 
DOWN  Rivers,  Coast  Lines.  —  Steering  and  Measures. — Foreign  Weights  and  Measures. 
Rudders  of  Vessels. —  Launching  Calcula-  — Decimal  Equivalents.— Foreign  Money. — 
tions  AND  Velocities. — Weight  of  Material  Discount  and  Wage  Tables. — Useful  Num- 
ASD  Gear.— Gun    Particulars  and   Weight.  bers    and     Ready    Reckoners.  —  Tables    of 

—  Standard  Gauges. —  Riveted  Joints  and  Circular  Measures.— Tables  of  Areas  of 
Riveting. —  Strength  and  Tests  of  Mate-  and  Circumferences  of  Circles. — Tables  of 
RIALS. — Binding  and  Shearing  Stresses,  etc.  Areas  of  Segments  of  Circles. — Tables  of 
—Strength  of  Shafting,  Pillars,  Wheels,  Squares  and  Cubes  and  Roots  of  Numbers. 
etc.  —  Hydraulic  Data,  etc.  —  Conic  Sec-  — Tables  of  Logarithms  of  Numbers.— 
TIONS,  Catenarian  Curves.  —  Mechanical  Tables  of  Hyperbolic  Logarithms. — Tables 
Powers,  Work. — Board  of  Trade  Regula-  of  Natural  Sines,  Tangents,  etc. — ^Tables 
TioNs  for  Boilers  and  Engines. — Board  of  of  Logarithmic  Sines,  Tangents,  etc. 
Trade    Regulations   for     Ships. —  Lloyd's 

"  In  these  days  of  advanced  knowledge  a  work  like  this  is  of  the  greatest  value.  It  contains  a 
vast  amount  of  information.  We  unhesitatingly  say  that  it  is  the  most  valuable  compilation  for  its 
specific  purpose  that  has  ever  been  printed.  No  naval  architect,  engineer,  surveyor,  or  seaman, 
wood  or  iron  shipbuilder,  can  afiord  to  be  without  this  work."— Nautical  Magazine. 

"Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels.  .  .  ,  Will  be 
found  to  contain  the  most  useful  tables  and  formulae  required  by  shipbuilders,  carefully  collected  from 
the  best  authorities,  and  put  together  in  a  popular  and  simple  form.  The  book  is  one  of  exceptional 
merit . " — Engineer. 

"The  professional  shipbuilder  has  now,  in  a  convenient  and  accessible  form,  reliable  data  for  solving 
many  of  the  numerous  problems  that  present  themselves  in  the  course  of  his  work." — Iron. 

"There  is  no  doubt  that  a  pocket-book  of  this  description  must  be  a  necessity  in  the  shipbuilding 
trade. .  .  .  The  volume  contains  a  mass  of  useful  information  clearly  expressed  and  presented  in  a 
handy  form." — Marine  Engineer, 

Marine  Engineering. 

MARINE  ENGINES  AND  STEAM  VESSELS  :  A  Treatise  on. 
By  Robert  Murray,  C.E.  Eighth  Edition,  thoroughly  Revised,  with  considerable 
Additions  by  the  Author  and  by  George  Carlisle,  C.E.,  Senior  Surveyor  to  the 
Board  of  Trade  at  Liverpool.  i2mo,  4^.  dd.  cloth. 
"  Well  adapted  to  give  the  young  steamship  engineer  or  marine  engine  and  boiler  makei  a  general 
introduction  into  his  practical  work." — Mechanical  World. 

"  We  feel  sure  that  this  thoroughly  revised  edition  will  continue  to  be  as  popular  in  the  future 
as  it  has  been  in  the  past,  as,  for  its  size,  it  contains  more  useful  information  than  any  similar 
treatise.'' — Industries. 

"The  information  given  is  both  sound  and  sensible,  and  well  qualified  to  direct  young  sea-going 
hands  on  the  straight  road  to  the  extra  chief's  certificate.  .  .  .  Most  useful  to  surveyors,  inspectors, 
draughtsmen,  and  all  young  engineers  who  take  an  interest  in  their  profession."— G/asgote/  Herald. 

English-French  Dictionary  of  Sea  Terms. 

5EA  TERMS,  PHRASES,  AND  WORDS  (Technical  Dic- 
tionary of)  used  in  the  English  and  French  Languages.  (English-French,  French- 
English).  For  the  Use  of  Seamen,  Engineers,  Pilots,  Ship-builders,  Shipowners 
and  Ship-brokers.  Compiled  by  W.  PiRRIE,  late  of  the  African  Steamship  Com- 
pany. Fcap.  8vo,  S^-  cloth  limp.  {Just ptiblished. 
"This  volume  will  be  highly  appreciated  by  seamen,  engineers,  pilots,  shipbuilders  and  shipowners. 
It  will  be  found  wonderfully  accurate  and  complete." — Scotsman. 

"  A  very  useful  dictionary,  which  has  long  been  wanted  by  French  and  English  engineers,  masters, 
officers  and  others." — Shipping  World, 
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E/ectric  Lighting  of  Ships. 

ELECTRIC  SHIP  LIGHTING:  A  Handbook  on  the  Practical 
Fitting  and  Running  of  Ship's  Electrical  Plant,  for  the  Use  of  Shipowners  and 
Builders,  Marine  Electricians  and  Sea-going  Engineers  in  Charge.  By  J.  W. 
Urquhart,  Author  of  "  Electric  Light,"  "Dynamo  Construction,"  &c.  With 
numerous  Illustrations.     Crown  8vo,  "js.  6d.  cloth. 

Pocket-Book  for  Marine  Engineers. 

MARINE  ENGINEERS'  POCKET=BOOK  of  useful  Tables  and 
Formulae.  By  Frank  Proctor,  A.I.N. A.  Third  Edition.  Royal  32mo, 
leather,  gilt  edges,  with  strap,  4J. 

"  We  recommend  it  to  our  readers  as  going  far  to  supply  a  long-felt  want." — Naval  Science. 

"  A  most  useful  companion  to  all  marine  engineers." — United  Service  Gazette. 

introduction  to  IVIarine  Engineering. 

ELEMENTARY   ENGINEERING:    A  Manual  for  Young  Marine 

Engineers  and  Apprentices.  In  the  Form  of  Questions  and  Answers  on  Metals, 
Alloys,  Strength  of  Materials,  Construction  and  Management  of  Marine  Engines 
and  Boilers,  Geometry,  <S:c.  &c.  With  an  Appendix  of  Useful  Tables.  By  John 
Sherren  Brewer,  Government  Marine  Surveyor,  Hongkong.  Third  Edition, 
small  crown  8vo,  is.  6^..  cloth. 

"  Contains  much  valuable  information  for  the  class  for  whom  it  is  intended,  especially  in  the 
chapters  on  the  management  of  boilers  and  engines."— A'^aMhcrt/  Magazine. 

"  A  useful  introduction  to  the  more  elaborate  text  books."— Scotsman. 

"  To  a  student  who  has  the  requisite  desire  and  resolve  to  attain  a  thorough  knowledge,  Mr. 
Brewer  offers  decidedly  useful  he\Tp."— A  the  11  wum. 

/Navigation. 

PRACTICAL  NAVIGATION.  Consisting  of  The  Sailor's  Sea- 
Book,  by  James  Greenwood  and  W.  H.  Rosser:  together  with  the  requisite 
Mathematical  and  Nautical  Tables  for  the  Working  of  the  Problems,  by  HEiNRY 
Law,  C.E.,  and  Professor  J.  R.  Young.    Illustrated.    i2mo,  "js.  strongly  half-bound. 

Drawing  for  Marine  Engineers. 

LOCKIE'S      MARINE      ENGINEER'S      DRAWING  -  BOOK. 

Adapted  to  the  Requirements  of  the  Board  of  Trade  Examinations.  By  John 
Lockie,  C.E.     With  22  Plates,  Drawn  to  Scale,     Royal  8vo,  y.  dd.  cloth. 

"The  student  who  learns  from  these  drawings  will  have  nothing  to  unlearn.'' — Engineer. 

"The  examples  chosen  are  essentially  practical,  and  are  such  as  should  prove  of  service  to  engineers 
generally,  while  admirably  fulfilling  their  specific  purpose." — Mechanical  World. 

Sailmaking. 

THE   ART   AND   SCIENCE    OF   SAILMAKING.     By  Samuel 

B.   Sadler,  Practical  Sailmaker,  late  in  the  employment  of  Messrs.  Ratsey  and 
Lapthorne,  of  Cowes  and  Gosport.    With  Plates  and  other  Illustrations.    Small  410, 
I2S.  6d.  cloth. 
"This  extremely  practical  work  gives  a  complete  education  In  all  the  branches  of  the  manufacture, 

cutting  out.  roping,  seaming,  and  goring.     It  is  copiously  illustrated,  and  will  form  a  first-rate  text-book 

and  guide." — Portsviojith  Times. 

"The  author  of  this  work  has  rendered  a  distinct  service  to  all  interested  in  the  art  of  sailmaking. 

The  subject  of  which  he  treats  is  a  congenial  one.     Mr.  Sadler  is  a  practical  sailmaker,  and  has  devoted 

years  of  careful  observation  and  study  to  the  subject ;  and  the  results  of  the  experience  thus  gained  he 

has  set  forth  in  the  volume  before  us." — Steamship. 

Chain  Gabies. 

CHAIN  CABLES  AND  CHAINS.  Comprising  Sizes  and  Curves 
of  Links,  Studs,  &c.,  Iron  for  Cables  and  Chains,  Chain  Cable  and  Chain  Making, 
Forming  and  Welding  Links,  Strength  of  Cables  and  Chains,  Certificates  for 
Cables,  Marking  Cables,  Prices  of  Chain  Cables  and  Chains,  Historical  Notes, 
Acts  of  Parliament,  Statutory  Tests,  Charges  for  Testing,  List  of  Manufacturers  of 
Cables,  &c.  &c.  By  Thomas  W.  Traill,  F.E.R.N.,  M.Inst.C.E.,  Engineer- 
Surveyor-in-Chief,  Board  of  Trade,  Inspector  of  Chain  Cable  and  Anchor  Proving 
Establishments,  and  General  Superintendent,  Lloyd's  Committee  on  Proving 
Establishments.  With  numerous  Tables,  Illustrations,  and  Lithographic  Drawings. 
Folio,  £2  2s.  cloth,  bevelled  boards. 
"  It  contains  a  vast  amount  of  valuable  information.  Nothing  seems  to  be  wanting  to  make  it  a  com- 
plete and  standard  work  of  reference  on  the  subject." — Nautical  Magazine. 
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MINING  AND  METALLURGY. 

Colliery  Management,  &c. 

COLLIERY    WORKING   AND    MANAGEMENT:     Comprising 

the  Duties  of  a  Colliery  Manager,  the  Oversight  and  Arrangement  of  Labour  and 

Wages,  and  the  different  Systems  of  Working  Coal  Seams.     By  H.  F.  Bulman 

and    R.  A.    S.   Redmayne.     350  pages,  with  28  Plates  and  other   Illustrations, 

including  Underground  Photographs.     Mediimi  8vo,  Ijj-.  cloth.        \Just published. 

"  This  is,  indeed,  an  admirable  Handbook  for  Colliery  Managers,  in  fact,  it  is  an  indispensable 

adjunct  to  a  Colliery  Manager's  education,  as  well  as  being  a  most  useful  and  interesting  work  on  the 

subject  for  all  who  in  any  way  have  to  do  with  coal  mining.     The  underground  photographs  are  an 

attractive  feature  of  the  work,  being  very  life-like  and  necessarily  true  representations  of  the  scenes 

they  depict." — Colliery  Guardian. 

"  Mr.  Bulman  and  Mr.  Redmayne,  who  are  both  experienced  Colliery  Managers  of  j.reat  literary 
ability  are  to  be  congratulated  on  having  supplied  an  authoritative  work  dealinsj  with  a  side  of  the 
subject  of  coal  mining  which  has  hitherto  received  but  scant  treatment.  The  authors  elucidate  their 
text  by  119  woodcuts  and  28  plates,  most  of  the  latter  being  admirable  reproductions  of  photographs 
taken  underground  with  the  aid  of  the  magnesium  flash-light.  These  illustrations  are  excellent." — 
Nature. 

Inflammable  Gases. 

INFLAMMABLE  GAS  AND  VAPOUR  IN  THE  AIR  rthe 
Detection  and  Measurement  of).  By  Frank  Clowes,  D.Sc,  Lond.,  F.I.C.,  Prof. 
of  Chemistry  in  the  University  College,  Nottingham.  Wich  a  Chapter  on  The 
Detection  and  Measurement  of  Petroleum  Vapour  by  Boverton  Red- 
wood, F.R.S.E.,  Consulting  Adviser,  to  the  Corporation  of  London  under  the 
Petroleum  Acts.     Crown  Svo,  cloth,  5^.  net.  [Just  published, 

"  Professor  Clowes  has  given  us  a  volume  on  a  subject  of  much  industrial  importance.     . 
those  interested  in  these  matters  maybe  recommended  to  study  this  book,  which  is  easy  of  compre- 
hension and  contains  many  good  things." — The  Engineer. 

"  A  convenient  summary  of  the  work  on  which  Professor  Clowes  has  been  engaged  for  some 
considerable  time.  .  .  It  is  hardlv  necessary  to  say  that  any  work  on  these  subjects  with  the«^e 
names  on  the  title-page  must  be  a  valuable  one,  and  one  that  no  mining  engineer — certainly  no  coal 
miner — can  afford  to  ignore  or  to  leave  unread." — Mijiing  Journal. 

Mining  Machinery. 

MACHINERY  FOR  METALLIFEROUS  MINES:    A   Practical 

Treatise  for  Mining  Engineers,  Metallurgists  and  Managers  of  Mines.    By  E.  Henry 

Davies,   M.E.,  F.G.S.     Crown  Svo,  580  pp.,  with  upwards  of  300  Illustrations. 

I2s.  6d.  cloth.  {Just  published. 

"  Mr.  Davies,  in  this  handsome  volume,  has  done  the  advanced  student  and  the  manager  of  mines 

good  service.     Almost  every  kind  of  machinery  in  actual  use  is  carefully  described,  and  the  woodcuts 

and  plates  are  good." — Athenaeum. 

'•  From  cover  to  cover  the  work  exhibits  all  the  same  characteristics  which  excite  the  confiaence 
and  attract  the  attention  of  the  student  as  he  peruses  the  first  page.  The  work  may  safely  be  recom- 
mended. By  its  publication  the  literature  connected  with  the  industry  will  be  enriched,  and  the 
repaUtion  of  its  author  enhanced." — Mining  Journal, 

Metalliferous  Minerals  and  Mining. 

METALLIFEROUS     MINERALS    AND  MINING.      By  D.  C. 

Davies,  F.G.S. ,  Mining  Engineer,  &c.,  Author  of  **  A  Treatise  on  Slate  and  Slate 
Quarrying."  Pifth  Edition,  thoroughly  Revised  and  much  Enlarged  by  his  Son, 
K.  Henry  Davies,  M.E.,  F.G.S.  With  about  150  Illustrations,  Crown  Svo, 
\2s.  6d.  cloth. 
"  Neither  the  practical  miner  nor  the  general  reader,  interested  in  mines,  can  have  a  better  book  for 
his  companion  and  his  guide." — Mining  Journal. 

"We  are  doing  our  readers  a  service  in  calling  their  attention  to  this  valuable  work." — Mining  iVorld. 
"  As  a  history  of  the  present  state  of  mining  throughout  the  world  this  book  has  a  real  value,  and  it 
supplies  an  actual  want." — A  theiueutn. 

Earthy  Minerals  and  Mining. 

EARTHY  AND   OTHER   MINERALS   AND  MINING.     By  D. 

C.  Davies,  F.G.S.,    Author  of  "Metalliferous  Minerals,"   cS:c.      Third  Edition, 
Revised  and  Enlarged,  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S.     With  about 
100  Illustrations.     Crown  Svo,  12s.  6d.  cloth. 
"  We  do  not  remember  to  have  met  with  any  English  work  on  mining  matters  that  contains  the   same 
amount  of  information  packed  in  equally  convenient  form." — Academy. 

"  We  should  be  inclined  to  rank  it  as  among  the  very  best  of  the  handy  technical  and  trades 
manuals  which  have  recently  Appc&rcd."— British  Quarterly  Review, 
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Metalliferous  Mining  in  the  United  Kingdom. 

BRITISH  MINING  :  A  Treatise  on  the  History,  Discovery,  Practical 
Development,  and  Future  Prospects  of  Metalliferous  Mines  in  the  United  Kingdom. 
By  Robert  Hunt,  F.R.S.,  late  Keeper  of  Mining  Records.    Upwards  of  950  pp., 
with  230  Illustrations.     Second  Edition,  Revised.     Super-royal  8vo,  £2  2s.  cloth, 
"  The  book  is  a  treasure-house  of  statistical  information  on  mining   subjects,  and  we  know  of  no 
other  work  embodying  so  great  a  mass  of  matter  of  this  kind.     Were  this  the  only  merit  of  Mr.  Hunt's 
volume  it  would  be  sufficient  to  render  it  indispensable  in  the  library  of  everyone  interested  in  the  develop- 
ment of  the  mining  and  metallurgical  industries  of  this  country." — AthemBujn. 

"  A  mass  of  information  not  elsewhere  available,  and  of  the  greatest  value  to  those  who  may  be  in- 
terested in  our  great  mineral  industries." — Engineer. 

Underground  Pumping  Machinery. 

MINE  DRAINAGE:  Being  a  Complete  and  Practical  Treatise  on 
Direct- Acting  Underground  Steam  Pumping  Machinery,  with  a  Description  of  a 
large  number  of  the  best  known  Engines,  their  General  Utility  and  the  Special  Sphere 
of  their  Action,  the  Mode  of  their  Application,  and  their  merits  compared  with 
other  forms  of  Pumping  Machinery.     By  Stephen  Michell.     8vo,  15  j.  cloth. 

"  Will  be  highly  esteemed  by  colliery  owners  and  lessees,  mining  engineers,  and  students  generally 
who  require  to  be  acquainted  with  the  best  means  of  securing  the  drainage  of  mines.  It  is  a  most  valu- 
able work,  and  stands  almost  alone  in  the  literature  of  steam  pumping  machinery." — Colliery  Guardian. 

"  Much  valuable  information  is  given,  so  that  the  book  is  thoroughly  worthy  of  an  extensive  circu- 
lation amongst  practical  men  and  purchasers  of  machinery."— J//«/«^'-  Journal. 

Prospecting  for  Gold  and  other  Metals. 

THE  PROSPECTOR'S  HANDBOOK:  A  Guide  for  the  Prospector 

and  Traveller  in  Search  of  Metal-Bearing  or  other  Valuable  Minerals.  By  J.  \V. 
Anderson,  M. A.  (Camb.),  F.R.G.S.,  Author  of  "Fiji  and  New  Caledonia." 
Seventh  Edition,  thoroughly  Revised  and  much  Enlarged.  Small  crown  8vo,  ■^s.  6d. 
cloth  ;  or,  4s.  dd,  leather,  pocket-book  form,  with  tuck.  {J^st  published. 

"  Will  supply  a  much  felt  want,  especially  among  Colonists,  in  whose  way  are  so  often  thrown  many 
mineralogical  specimens  the  value  of  which  it  is  difficult  to  determine." — Engineer. 

"  How  to  find  commercial  minerals,  and  how  to  identify  them  when  they  are  found,  are  the  leading 
points  to  which  attention  is  directed.  The  author  has  managed  to  pack  as  much  practical  detail  into  his 
pages  as  would  supply  material  for  a  book  three  times  its  size," — Mining:  Journal. 

Mining  Notes  and  Formulce. 

NOTES  AND  FORMUL/C    FOR   MINING    STUDENTS.      By 

John  Herman  Merivale,   M.A.,  Certificated   Colliery   Manager,   Professor  of 
Mining  in  the  Durham  College  of  Science,  Newcastle-upon-Tyne.     Third  Edition, 
Revised  and  Enlarged.     Small  crown  8vo,  2s.  6d.  cloth. 
"  The  author  has  done  his  work  in  a  creditable  manner,  and  has  produced  a  book  that  will  be  of 
service  to  students,  and  those  who  aie  practically  engaged  in  mining  operations." — Engineer. 

Handybook  for  Miners. 

THE  MINER'S  HANDBOOK :  A  Handy  Book  of  Reference  an  the 

subjects  of  Mineral  Deposits,  Mining  Operations,  Ore  Dressing,  &c.  For  the  Use 
of  Students  and  others  interested  in  Mining  matters.  Compiled  by  John 
Milne,  F.R.S.,  Professor  of  Mining  in  the  Imperial  University  of  Japan. 
Revised  Edition.     Fcap.  8vo,  ^s.  6d.  leather. 

"  Professor  Milne's  handbook  is  sure  to  be  received  with  favour  by  all  connected  with  mining,  and 
will  be  extremely  popular  among  students."— ^M^wo'mw. 

Miners'  and  Metallurgists'  Pocbet-Booh. 

A  POCKET=BOOK  FOR  MINERS  AND   METALLURGISTS. 

Comprising  Rules,  Formulae,  Tables,  and  Notes,  for  Use  in  Field  and  Office  Work. 
By  F.  Danvers  Power,  F.G.S.,  M.E.     Fcap.  8vo^  9^.  leather. 

"This  excellent  book  is  an  admirable  example  of  its  kind,  and  ought  to  find  a  large  sale  amongst 
Eiiglish-speaking  prospectors  and  mining  engineers." — Engineering. 

Mineral  Surveying  and  Valuing. 

MINERAL  SURVEYOR  and  VALUER'S  COMPLETE  GUIDE 

Comprising  a  Treatise  on  Improved  Mining  Surveying  and  the  Valuation  of  Mining 
Properties,  with  New  Traverse  Tables.  By  Wm.  Lintern.  Third  Edition,  En- 
larged.    i2mo,  3^.  6d.  cloth. 


MINING  AND  METALLURGY. 


Colliery  Management 

THE   COLLIERY  MANAGER'S  HANDBOOK:  A  Comprehensive 

Treatise  on  the  Laying-out  and  Working  of  Collieries,  Designed  as  a  Book  of 
Reference  for  Colliery  Managers,  and  for  the  Use  of  Coal-Mining  Students  pre- 
paring for  First-class  Certificates.  By  Caleb  Pamely,  Mining  Engineer  and 
Surveyor  ;  Member  of  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers ;  and  Member  of  the  South  Wales  Institute  of  Mining  Engineers. 
With  nearly  700  Plans,  Diagrams,  and  other  Illustrations.  Third  Edition, 
Revised  and  Enlarged,  medium  8vo,  about  900  pp.  Price  ;^i  5^-.  strongly  bound. 
Summary  of  Contents. 


Geology.— Search      for     Coal. -Mineral  |    Oil  Engine;   Petroleum  and  Natural  Gas. 

— Surveying  and  Planning. — Safety  Lamps 
and  Fire-Damp  Detectors.  — Sundry  and  In- 
cidental Operations  and  Appliances. — 
Colliery  Explosions. — Miscellaneous  Ques- 
tions AND  K'sswERS.— Appendix :  Summary  of 
Report  of  H.M.  Commissioners  on  Accidents 
IN  Mines. 


Leases  and  other  Holdings.  — Shaft  Sink- 
ing.—Fitting  Up  the  Shaft  and  Surface 
Arrangements. — Steam  Boilers  and  their 
Fittings. — Timbering  and  Walling. — Narrow 
Work  and  Methods  of  Working. — Under- 
ground Conveyance. — Drainage. — The  Gases 
MET  WITH  IN  Mines  ;  Ventilation.— On  the 
Friction  of  Air  in    Mines.— The  Priestman 

"  Mr.  Pamely  has  not  only  given  us  a  comprehensive  reference  book  of  a  very  high  order, 
suitable  to  the  requirements  of  mining  engineers  and  colliery  managers,  but  has  also  provided 
mining  students  with  a  class-book  that  is  as  interesting  as  it  is  instructive." — Colliery  Manager. _ 

"Mr.  Pamely's  work  is  eminently  suited  to  the  purpose  for  which  it  is  intended— being  clear,  inter- 
esting, exhaustive,  ricn  in  detail,  and  up  to  date,  giving  descriptions  of  the  latest  machines  in  every  de- 
partment.   A  mining  engineer  could  scarcely  go  wrong  who  followed  this  work." — Colliery  Guardian. 

"Thisis  the  most  complete 'all-round '  work  on  coal-mining  published  in  the  English  language.  .  .  . 
No  library  of  coal-mining  books  is  complete  without  it." — Colliery  Engineer  (Scranton,  Pa.,  U.S.A.). 

Goal  and  Iron. 

COAL  &  IRON  INDUSTRIES  OF  THE  UNITED  KINGDOM. 

Comprising  a  Description  of  the  Coal  Fields,  and  of  the  Principal  Seams  of  Coal, 
with  Returns  of  their  Produce  and  its  Distribution,  and  Analyses  of  Special  Varie- 
ties. Also,  an  Account  of  the  occurrence  of  Ii-on  Ores  in  Veins  or  Seams  ;  Analyses 
of  each  Variety  ;  and  a  History  of  the  Rise  and  Progress  of  Pig  Iron  Manufacture. 
By  Richard  Meade.     8vo,  £1  8j.  cloth. 

"  Of  this  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  ever  met.  .  .  , 
A  book  of  reference  which  no  one  engaged  in  the  iion  or  coal  trades  should  omit  from  his  library." — Iron 
and  Coal  Trades^  Review. 

Coal  Mining. 

COAL  AND  COAL  MINING,  A  Rudimentary  Treatise  on.  By  the 
late  Sir  Warington  W.  Smyth,  M.A.,  F.R.S.,  &c..  Chief  Inspector  of  the  Mines 
of  the  Crown.  Seventh  Edition,  Revised  and  Enlarged,  With  numerous  Illus- 
trations, i2mo,  3j.  6d.  cloth. 
"As  an  outline  is  givenof  every  known  coal-field  in  this  and  other  countries,  as  well  as  of  the  principal 
methods  of  working,  the  book  will  doubtless  interest  a  very  large  number  of  readers." — Mining  Journal. 

Asbestos  and  its  Uses. 

ASBESTOS:    Its   Properties,   Occurrence,  and  Uses.     With  some 
Account  of  the  Mines  of  Italy  and  Canada.     By  Robert  H.  Jones.     With  Eight 
Collotype  Plates  and  other  Illustrations.     Crown  8vo,  12s.  6d.  cloth. 
"  An  interesting  and  invaluable  work." — Colliery  Guardian. 

Subterraneous  Surveying. 

SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical 
Treatise  on  ;  with  and  without  the  Magnetic  Needle.  By  Thomas  Fenwick,  Sur- 
veyor of  Mines,  and  Thomas  Baker,  C.E.    Illustrated.     i2mo,  2s.  6d.  cloth. 

Granite  Quarrying. 

GRANITES  AND  OUR  GRANITE  INDUSTRIES.  By  George 
F.  Harris,  F.G.S.,  Membre  de  la  Societe  Beige  de  Geologie,  Lecturer  on 
Economic  Geology  at  the  Birkbeck  Institution,  &c.  With  Illustrations.  Crown 
8vo,  2s.  6d.  cloth. 

"  A  clearly  and  well-written  manual  for  persons  engaged  or  interested  in  the  granite  industry."— 
Scotsman. 
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Gold,  Metallurgy  of. 

THE  METALLURGY  OF  GOLD:  A  Practical  Treatise  on  the 
Metallurgical  Treatment  of  Gold-bearing  Ores.  Including  the  Processes  of  Concen- 
tration, Chlorination,  and  Extraction  by  Cyanide,  and  the  Assaying,  Melting,  and 
Refining  of  Gold.  By  M.  EissLER,  Mining  Engineer  and  Metallurgical  Chemist, 
formerly  Assistant  Assayer  of  the  U.  S.  Mint,  San  Francisco.  Fourth  Edition,  En- 
larged. With  about  250  Illustrations  and  numerous  Folding  Plates  and  Working 
Drawings.     Large  crown  8vo,  i6j'.  cloth.  ^^Just  published. 

"  This  book  thoroughly  deserves  its  title  of  a  '  Practical  Treatise.'  The  whole  process  of  gold 
milling,  from  the  breaking  of  the  quartz  to  the  assay  of  the  bullion,  is  described  in  clear  and  orderly 
narrative  and  with  much,  but  not  too  much,  fulness  of  detail." — Saturday  Review. 

"The  work  is  a  storehouse  of  information  and  valuable  data,  and  we  strongly  recommend  ^t  to 
all  professional  men  engaged  in  the  gold-mining  industry."— Mmiw;?  Journal, 

Gold  Extraction. 

THE  CYANIDE  PROCESS  OF  GOLD  EXTRACTION ;  and  its 

Practical  Application  on  the  Witwatersrand  Gold  Fields  in  South  Africa.     By  M. 

EissLER,  M.E.,  Author  of  "  The  Metallurgy  of  Gold,"  &c.     With  Diagrams  and 

Working  Drawings.     Large  crown  8vo,  7^-.  6(/. cloth.  [J ust  published. 

"  This  book  is  just  what  was  needed  to  acquaint  mining  men  with  the  actual  working  of  a  process 

which  is  not  only  the  most  popular,  but  is,  as  a  general  rule,  the  most  successful  for  the  extraction  of 

gold  from  tailings." — Minzfig  Jozirnal. 

"  The  work  will  prove  invaluable  to  ail  interested  in  gold  mining,  whether  metallurgists  or  as 
investors."— C/i^w/iTrt/  Nezvs. 

Silver,  Metallurgy  of. 

THE  METALLURGY  OF  SILVER:  A  Practical  Treatise  on  the 
Amalgamation,  Roasting,  and  Lixiviation  of  Silver  Ores.  Including  the  Assaying, 
Melting,  and  Refining  of  Silver  Bullion.  By  M.  Eissler,  Author  of  "  The  Metal- 
lurgy of  Gold,"  &c.     Third  Edition.     Crown  8vo,  los.  bd.  cloth. 

"  A  practical  treatise,  and  a  technical  work  which  we  are  convinced  will  supply  a  long  lelt  want 
amongst  practical  men,  and  at  the  same  time  be  of  value  to  students  and  others  indirectly  connected 
with  the  industries." — Mining  Journal. 

"  From  first  to  last  the  book  is  thoroughly  sound  and  reliable."— Co//i>yj  Guardian. 
"For  chemists,  practical  miners,  assayers,  and  investors  alike,  we  do  not  know  ot  any  work  on 
the  subject  so  handy  and  yet  so  comprehensive." — Glasgow  Herald. 

Lead,  Metallurgy  of. 

THE  METALLURGY  OF  ARGENTIFEROUS  LEAD:  A  Prac- 
tical Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of  Lead  Bullion. 
Including  Reports  on  various  Smelting  Establishments  and  Descriptions  of  Modern 
Smelting  Furnaces  and  Plants  in  Europe  and  America.  By  M.  Eissler,  M.E., 
Author  of  "  The  Metallurgy  of  Gold."  &c.  Crown  8vo,  400  pp.,  with  183  Illus- 
trations, I2s.  6d.  cloth. 
"  The  numerous  metallurgical  processes,  which  are  fully  and  extensively  treated  of,  embrace  all  the 

stages  experienced  in  the  passage  of  the  lead  from  the  various  natural  states  to  its  issue  from  the  refinery 

as  an  article  of  commsrcQ." —Practical Engineer. 

"  The  present  volume  fully  maintains  the  reputation  of  the  author.     Those  who  wish  to  obtain  a 

thorough  insight  into  the  present  state  of  this  industry  cannot  do  better  than  read  this  volume,  and  all 

mining  engineers  cannot  fail  to  find  many  useful  hints  and  suggestions  in  ix.."— Industries. 

Iron,  Metallurgy  of. 

METALLURGY  OF  IRON.     By  H.  Bauerman,  F.G.S.,  A.R.S.M. 

Sixth  Edition,  Revised  and  Enlarged.     i2mo,  ^s,  cloth. 

Iron  Mining. 

THE    IRON    ORES   OF  GREAT   BRITAIN  AND    IRELAND: 

Their  Mode  of  Occurrence,  Age  and  Origin,  and  the  Methods  of  Searching  for  and 
Working  Them.     With  a  Notice  of  some  of  the  Iron  Ores  of  Spain.     By  J.    D. 
Kendall,  F.G.S.,  Mining  Engineer.     Crown  8vo,  i6s.  cloth. 
"  The  author  has  a  thorough  practical  knowledge  of  his  subject,  and  has  supplemented  a  careful 
study  of  the  available  literature  by  unpublished  information  derived  from  his  own  observations. 
The  result  is  a  very  useful  volume  which  cannot  tail  to  be  of  value  to  all  interested  in  the  iron  in- 
dustry of  the  country." — Industries. 
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Submarine  Telegraphy. 

SUBMARINE  TELEGRAPHS:  Their  History,  Construction  and 

Working.     By  Charles  Bright,  P\R.S.E.     Super  royal  8vo,  about  600  pages, 

fully  illustrated.  ^  [In  the  press. 

[  To  Subscribers  before  publication  £2  2s.  net;  after  publication  the  price  will  be 

raised  to  ;^3  3J-.  net.^ 

Electrical  Engineering. 

THE  ELECTRICAL  ENGINEER'S  POCKET-BOOK  of  Modern 

Rules,  Formulce,  Tables,  and  Data.  By  H.  R.  Kempe,  M.  Inst.  E.E.,  A.  M. 
Inst.  C.E.,  Technical  Officer,  Postal  Telegraphs,  Author  of  "  A  Handbook  of 
Electrical  Testing,"  "The  Engineer's  Year-Book,"  &c.  Second  Edition,  Tho- 
roughly Revised,  with  Additions.  With  numerous  Illustrations.  Royal  32mo, 
oblong,  5^.  leather. 

"  There  is  very  little  in  the  shape  of  formulae  or  data  which  the  electrician  is  likely  to  want  in 
a  hurry  which  cannot  be  found  in  its  pages."— Pmc^tcaZ  Engineer. 

'  A  very  useful  book  of  reference  for  daily  use  in  practical  electrical  engineering  and  its  various 
applications  to  the  industries  of  the  present  day." — Iron. 

"  It  is  the  best  book  of  its  kind." — Electrical  Engineer. 

"The  Electrical  Engineer's  Pocket-Book  is  a  good  one."  -Electrician. 

"  Strongly  recommended  to  those  engaged  in  the  electrical  industries."— Electrical  Review. 

Electric  Lighting. 

ELECTRIC  LIGHT  FITTING:  A  Handbook  for  Working  Electrical 

Engineers,   embodying   Practical  Notes  on  Installation  Management.     By  J.  W. 

Urquhart,  Electrician,  Author  of  "  Electric  Light,"  &c.     With  numerous  lUusts. 

Second  Edition,  Revised,  w^ith  Additional  Chapters.     Crown  8vo,  55-.  cloth. 

"This  volume  deals  with  what  may  be  termed  the   mechanics  of  electric  lighting,  and  is 

addressed  to  men  who  are  already  engaged  in  the  work,  or  are  training  for  it.    The  work  traverses 

a  !?reat  deal  of  ground,  and  may  be  read  as  a  sequel  to  the  same  author's  useful  work  on  '  Electric 

Light.' " — Electrician. 

"This  is  an  attempt  to  state  in  the  simplest  language  the  precautions  which  should  be  adopted 
in  installing  the  electric  light,  and  to  give  information  for  the  guidance  of  those  who  have  to  run  the 
pi  int  when  installed.  The  book  is  well  worth  the  perusal  of  the  workman,  for  whom  it  is  written." — 
Electrical  Review. 

"  Eminently  practical  and  useful Ought  to  be  in  the  hands  of  everyone  in  charge  of  an 

electric  light  plant." — Electrical  Engineer. 

Electric  Light. 

ELECTRIC   LIGHT:    Its  Production  and  Use,  Embodying   Plain 

Directions  for  the  Treatment  of  Dynamo-Electric  Machines,  Batteries,  Accumulators, 
and  Electric  Lamps.  By  J.  W.  Urquhart,  C.E.,  Author  of  "Electric  Light 
Fitting,"  "Electroplating,"  &c.  Fifth  Edition,  carefully  Revised,  Vi^ith  Large 
Additions  and  145  Illustrations.     Crown  8vo,  7^.  6d.  cloth. 

•'  The  whole  ground  of  electric  lighting  is  more  or  less  covered  and  explained  in  a  very  clear  and 
concise  manner." — Electrical  Reinew. 

*'  Contains  a  good  deal  of  very  interesting  information,  especially  in  the  parts  where  the  author  gives 
dimensions  and  working  costs." — Electrical  Engineer. 

"  A  vade-mecum  of  the  salient  facts  connected  with  the  science  of  electric  lighting."— Electrician. 

"  You  cannot  for  your  purpose  have  a  better  book  than  *  Electric  Light.'  by  UrquhKn.^' —Engineer. 

"The  book  is  by  far  the  best  that  we  have  yet  met  with  on  the  snh}sct.*'— A t/teno'um. 

Construction  of  Dynamos. 

DYNAMO  CONSTRUCTION:  A  Practical  Handbook  for  the  Use  of 

Engineer  Constructors  and  Electmcians-in-Charge.  Embracing  Framework  Build- 
ing, Field  Magnet  and  Armature  Winding  and  Grouping,  Compounding,  &c. 
With  Examples  of  leading  English,  American,  and  Continental  Dynamos  and 
Motors.  By  J.  W.  Urquhart,  Author  of  '*  Electric  Light,"  &c.  Second  Edition, 
Enlarged.     With  114  Illustrations.     Crown  8vo,  Js.  6d.  cloth. 

"  Mr.  Urquhart's  book  is  the  first  one  which  deals  with  these  matters  in  sucn  a  way  that  the  engineer- 
ing student  can  understand  them.  The  book  is  very  readable,  and  the  author  leads  his  readers  up  to 
difficult  subjects  by  reasonably  simple  tests." — Engineering  Review, 

"  '  Dynamo  Construction  '  more  than  sustains  the  high  character  of  the  author's  previous  publica- 
tions. It  is  sure  to  be  widely  read  by  the  large  and  rapidly-increasing  number  of  practical  electricians.' 
-  -Olasg^ow  Herald. 

"  A  book  for  which  a  demand  has  long  existed.'' — Mechanical  World, 
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Dynamo  Management. 

THE  MANAGEMENT  OF  DYNAMOS  :  A  Handybook  of  Theory 

and  Practice  for  the  Use  of  Mechanics,  Engineers,  Students  and  others  in  Charge 

of  Dyaamos.      By  G.   W.  LuMMis  Paterson.      With   numerous   Illustrations. 

Crown  8vo,  3^.  6d.  cloth. 

"An  example  which  deserves  to  be  taken  as  a  model  by  other  authors.    The  subject  is  treated  in  a 

manner  which  any  inielligent  man  who  is  fit  to  be  entrusted  with  charge  of  an  engine  should  be  able  to 

understand.     It  is  a  useful  book  to  all  who  make,  tend  or  employ  electric  machinery." — Architect. 

A  New  Dictionary  of  Electricity. 

THE  STANDARD  ELECTRICAL  DICTIONARY.    A  Popular  Dic- 
tionary of  Words  and  Terms  Used  in  the  Practice  of  Electrical  Engineering.     Con- 
taining upwards  of  3,000  Definitions.       By  T.   O'CONOR  Sloane,  A.M.,  Ph.D. 
Crown  8vo,  630  pp.,  350  Illustrations,  *]$.  6d.  cloth. 
"  The  work  has  many  attractive  features  in  it,  and  is,  beyond  doubt,  a  well  put  together  and  use- 
ful publication.    The  amount  of  ground  covered  may  be  gathered  from  the  fact  that  in  the  index 
about  5,000  references  will  be  iound.''— Electrical  Review. 

Electric  Ligtiting  of  S flips. 

ELECTRIC    SHIP-LIGHTING:    A  Handbook  on   the  Practical 

Fitting  and  Running  of  Ship's  Electrical  Plant.     For  the  Use  of  Shipowners  and 

Builders,    Marine    Electricians,  and  Sea-going  Engineers  in  Charge.      By  J.   W. 

Urquhart,  C.E.     With  88  Illustrations,  crown  8vo,  7^.  6d.  cloth. 

"  The  subject  of  ship  electric  Hunting  is  one  of  vast  importance,  and  Mr.  Urquhart  is  to  be  highly 

complimented  for  placing  such  a  valuable  woik  at  the  service  cf  marine  electricians."— T/ie  Steamship. 

Country  House  Electric  Lighting. 

ELECTRIC    LIGHT   FOR   COUNTRY   HOUSES:    A  Practical 

Handbook  on  the  Erection  and  Running  of  Small  Installations,  with  Particulars 
of  the  Cost  of  Plant  and  Working.      By  J.  H.  Knight.     Crown  8vo,  is.  wrapper. 
"The  book  contains  excellent  advice  and  many  practical  hints  for  the  help  of  those  who  wish  to 
light  their  own  houses." — Buildins;  News. 

Electric  Lighting. 

ELEMENTARY    PRINCIPLES    OF    ELECTRIC    LIGHTING. 

By  Alan  A,  Campbell  Swinton,  Associate  I.E.E.      Third  Edition,  Enlarged 
and  Revised.     With  Sixteen  Illustrations.     Crown  8vo,  is.  bd.  cloth. 
"Anyone    who  desires  a   short  and  thoroughly  clear  exposition  ot   the  elementary  principles  of 
electric-lighting  cannot  do  better  than  read  this  little  MtotV.."— Bradford  Observer. 

Dynamic  Electricity. 

ELEMENTS  OF  DYNAMIC  ELECTRICITY  &  MAGNETISM. 

By  Philip  Atkinson,  A.M.,  Ph.D.,  Author  of  **  Elements  of  Static  Electricity," 
&c.     Crown  8vo,  417  pp.,  with  120  Illustrations,  los.  dd.  cloth. 

Electric  Motors,  &c. 

THE    ELECTRIC   TRANSFORMATION    OF   POWER  and  its 

Application  by  the  Electric  Motor,  including  Electric  Railway  Construction.  By 
P.  Atkinson,  A.M.,  Ph.D.     With  96  Illustrations.     Crown  8vo,  Js.  td.  cloth. 

Dynamo  Construction. 

HOW  TO  MAKE  A  DYNAMO:  A  Practical  Treatise  for  Amateurs. 
Containing  numerous  Illustrations  and  Detailed  Instructions  for  Constructing  a 
Small  Dynamo  to  Produce  the  Electric  Light.  By  Alfred  Crofts.  Fifth 
Edition,  Revised  and  Enlarged.     Crown  8vo,  2s.  cloth.  [J tist  published. 

"The  instructions  given  in  this  unpretentious  little  book  are  sufficiently  clear  and* explicit  to 

enable  any  amateur  mechanic  possessed  of  average  skill  and  the  usual  tools  to  be  found  in  an 

amateur's  workshop,  to  build  a  practical  dynamo  m&chme."— Electrician. 

Text-Book  of  Electricity. 

THE  5TUDENrs  TEXT  =  BOOK  OF  ELECTRICITY.   By 

H.  M.  NOAD,  F.R.S.  Cheaper  Edition.  650  pp.,  with  470  Illustrations.  Crown 
8vo,  9^.  cloth. 
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ARCHITECTURE,  BUILDING,  etc. 
Building  Construction.     ~ 

PRACTICAL  BUILDING   CONSTRUCTION :    A  Handbook  for 

Students  Preparing  for  Examinations,  and  a  Book  of  Reference  for  Persons  En- 
gaged in  Building.  By  John  Parnell  Allen,  Surveyor,  Lecturer  on  Building 
Construction  at  the  Durham  College  of  Science,  Newcastle-on-Tyne.  Medium 
8vo,  450  pages,  with  1,000  Illustrations.  12s.  6d.  cloth. 
"The  most  complete  exposition  of  building  construction  we  have  seen.  It  contains  all  that  is 
necessary  to  prepare  students  for  the  various  examinations  in  building  construction." — Buildings  News. 

"The  author  depends  nearly  as  much  on  his  diagrams  as  on  his  type.  The  pages  suggest  the 
hand  of  a  man  of  experience  in  building  operations — and  the  volume  must  be  a  blessing  to  many 
teachers  as  well  as  to  students." — The  Architect. 

"  The  work  is  sure  to  prove  a  tormidable  rival  to  great  and  small  competitors  alike,  and  bids  fair 
to  take  a  permanent  place  as  a  favourite  students' text-book.  The  large  number  of  illustrations  deserve 
particular  mention  for  the  great  merit  they  possess  for  purposes  of  reference,  in  exactly  corresponding 
to  convenient  scales."— 7£>«r.  Inst.  Brit.  Archts. 

Masonry. 

PRACTICAL  MASONRY :    A  Guide  to  the  Art  of  Stone  Cutting. 

Comprising  the  Construction,  Setting-Out,  and  Working  of  Stairs,  Circular  Work, 
Arches,  Niches,  Domes,  Pendentives,  Vaults,  Tracery  Windows,  &c.  &c.     For  the 
Use  of  Students,  Masons,   and  other  Workmen.     By  William  R.   Purchase, 
Building  Inspector  to  the  Town  of  Hove.     Royal  8vo,  134  pages,  with  50  Litho- 
graphic Plates,  comprising  nearly  400  separate  Diagrams,  7^-.  6d.  cloth. 
"  Mr.  Purchase's  '  Practical  Masonry  '  will  undoubtedly  be  found  useful  to  all  interested  in  this 
important  subject,  whether  theoretically  or  practically.     Most  of  the  examples  given  are  from  actual 
work  carried  out,  the  diagrams  being  carefully  drawn.  The  book  is  a  practical  treatise  on  the  subject, 
the  author  himself  having  commenced  as  an  operative  mason,  and  afterwards  acted  as  foreman 
mason  on  many  large  and  important  buildings  prior  to  the  attainment  ot  his  present  position.     It 
should  be  found  of  general  utility  to  architectural  students  and  others,  as  well  as  to  those  to  whom  it 
is  specially  addressed."— ytjwma/  0/  the  Royal  Ifisiitute  of  British  Architects. 

"The  author  has  evidently  devoted  much  time  and  conscientious  labour  in  the  production  of  his 
book,  which  will  be  found  very  serviceable  to  students,  masons,  and  other  workmen,  while  its  value 
is  much  enhanced  by  the  capital  illustrations,  consisting  of  fifty  lithographic  plates,  comprising  about 
400  diagrams." — Illustrated  Carpenter  and  Builder. 

Concrete. 

CONCRETE:    ITS  NATURE  AND   USES.     A  Book  for  Archi- 
tects, Builders,  Contractors,  and  Clerks  of  Works.      By  George  L.  Sutcliffe, 
A.R.I.B.A.     350  pages,  with  numerous  Illustrations.    Crown  8vo,  "js.  6d.  cloih. 
"  The  author  treats  a  difficult  subject  in  a  lucid  manner.     The  manual  fills  a  long  felt  gap.     It  is 

careful  and  exhaustive  ;  equally  useful  as  a  student's  guide  and  an  architect's  book  of  reference." — 

Journal  of  Royal  Institution  of  British  A  rchitects. 

"There  is  room  for  this  new  book,  which  will  probably  be  for  some  time  the  standard  work  on  the 

subject  for  a  builder's  T(>\ir^oi&."— Glasgow  Herald. 

Mectianics  for  Architects. 

THE    MECHANICS    OF    ARCHITECTURE:      A    Treatise  on 

Applied  Mechanics,   especially  Adapted  to  the  Use   of  Architects.     By   E.   W. 
Tarn,    M.A.,   Author  of  "The   Science   of   Building,"  &c.       Second    Edition, 
Enlarged.     Illustrated  with  125  Diagrams.     Crown  8vo,  Js.  6d.  cloth. 
"The  book  is  a  very  useful  and  helpful  manual  of  architectural  mechanics,  and  really  contains 
sufficient  to  enable  a  careful  and  painstaking  student  to  grasp  the  principles  bearing  upon  the  ma- 
jority of  building  problems,    ,    .    .     Mr.  Tarn  has  added,  by  this  volume,  to  the  debt  of  gratitude 
which  is  owing  to  him  by  architectural  students  lor  the  many  valuable  works  which  he  has  pro- 
duced for  their  use." — The  Builder. 

"  The  mechanics  in  the  volume  are  really  mechanics,  and  are  harmoniously  wrought  in  with  the 
distinctive  professional  matter  proper  to  the  subject.  The  diagrams  and  type  are  comiuendably 
clear." — The  ScJiool master. 

The  New  Builder's  Price  Booli,  1897. 

LOCKWOOD'S    BUILDER'S    PRICE    BOOK    FOR    1897.     A 

Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders,  Architects, 
Engineers,  and  Contractors.     Ke-constructed,   Re- written,  and    Greatly   Enlarged. 
By  Francis  T.  W,  Miller.     800  closely-printed  pages,  crown  8vo,  4^^,  cloth. 
''  Thjs  book  is  a  very  useful  one,  and  should  find  a  place  in  every  English  oflice  connected  with 
the  building  and  engineering  professions."— /u^/ws^ytes. 
'*  An  excellent  book  oi TuicTcnct.^'— Architect. 

"  In  its  new  and  revised  form  this  Price  Book  is  what  a  work  of  this  kind  should  be— compre- 
hensive, reliable,  well  arranged,  legible,  and  well  bound."— British  Architect. 
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The  New  London  Bui/ding  Act 

THE  LONDON  BUILDING  ACT,   1894.     With  the  By-Laws  and 

Regulations  of  the  London  County  Council,    and  Introduction,  Notes,  Cases  and 
Index.     By  Alex.  J.  David,   B.A.,  LL.M.,  of  the  Inner  Temple,  Barrister-at- 
Law.     Crown  8vo,  '^s.  6d.  cloth. 
"  To  all  architects  and  district  surveyors  and  builders,  Mr.  David's  manual  will  be  welcome." — 
Building  News. 

"The   volume  will   doubtless   be   eagerly  consulted   by   the    building    ira.\.^TaiX.y"— Illustrated 
Carpenter  and  Builder. 

Designing  Buildings. 

THE  DESIGN    OF   BUILDINGS:    Being  Elementary  Notes   on 

the  Planning,  Sanitation  and  Ornamentive  Formation  of  Structures,  based  on  Modern 
Practice.    Illustrated  with  Nine  Folding  Plates.    By  W.  Woodley.    8vo,  6s.  cloth. 

Sir  William  Chambers's  Treatise  on  Civil  Architecture. 

THE    DECORATIVE    PART    OF    CIVIL     ARCHITECTURE. 

By  Sir  William  Chambers,  F.R.S.  With  Portrait,  Illustrations,  Notes,  and  an 
Examination  of  Grecian  Architecture,  by  Joseph  Gwilt,  F.S.A.  Re- 
vised and  Edited  by  W.  H.  Leeds.     66  Plates,  4to,  21s.  cloth. 

Villa  Architecture. 

A    HANDY    BOOK    OF    VILLA    ARCHITECTURE :    Being  a 

Series  of  Designs  for  Villa  Residences  in  various  Styles.     With  Outline  Specifica- 
tions and  Estimates.     By  C.   WiCKES,   Architect,  Author  of   "The  Spires  and 
Towers  of  England,"  c&c.     61  Plates,  4to,  ^i  lis.  6d.  half-morocco,  gilt  edges. 
"The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic  architect,  and  they 
will  prove  very  valuable  and  suggestive." — Building Nevj%. 

Text-Book  for  Architects. 

THE     ARCHITECT'S     GUIDE:     Being  a  Text-book  of  Useful 

Information  for  Architects,  Engineers,  Surveyors,  Contractors,  Clerks  of  Works,  &c. 
&c.     By  Frederick  Rogers,  Architect.     Third  Edition.     Cr.  8vo,  3^.  6d.  cloth. 

"As  a  text-book  of  useful  information  for  architects,  engineers,  surveyors,  &c.,  it  would  be  hard  to 
find  a  handier  or  more  complete  little  \o\u.m&."—S tandard. 

Linear  Perspective. 

ARCHITECTURAL     PERSPECTIVE.      The  whole  Course  and 

Operations  of  the  Draughtsman  in  Drawing  a  Large  House  in  Linear  Perspective. 
Illustrated  by  43  Folding  Plates.     By  F.  O.  Ferguson.     Second  Edition,  En- 
larged.    8vo,  3J.  6d.  boards. 
"  It  is  the  most  intelligible  of  the  treatises  on  this  ill-treated  subject  that  I  have  met  with." — 
E.  Ingress  Bell,  Esq.,  in  the  R.I.B.A.  Journal. 

Architectural  Drawing. 

PRACTICAL  RULES  ON  DRAWING,  for  the  Operative  Builder 
and  Young  Student  in  Architecture.  By  George  Pyne.     14  Plates,  4to,  7.^.6^.  bds. 

Designing,  Measuring,  and  Valuing. 

MEASURING    AND    VALUING    ARTIFICER'S   WORK  (The 

Student's  Guide  to  ihe  Practice  of).  Containing  Directions  for  taking  Dimen- 
sions, Abstracting  the  same,  and  bringing  the  Quantities  into  Bill,  with  Tables  of 
Constants  for  Valuation  of  Labour,  and  for  the  Calculation  of  Areas  and  Solidities. 
Originally  edited  by  E.  Dobson,  Architect.  With  Additions  by  E.  \V.  Tarn, 
M.A.  Sixth  Edition.  With  8  Plates  and  63  Woodcuts.  Crown  8vo,  Jj-.  6^^.  cloth. 
_  "This  edition  will  be  found  the  most  complete  treatise  on  the  principles  of  measuring  and  valuing 
artificers'  work  that  has  yet  been  ^nh\i%\\&d."  —Building  News. 

Pocket  Estimator  and  Technical  Guide. 

POCKET  TECHNICAL  GUIDE,  MEASURER,  &  ESTIMATOR 

for  Builders  and  Surveyors.     Containing  Technical  Directions  for  Measuring  Work 
in  all  the  Building  Trades,  Complete  Specifications  for  Houses,  Roads,  and  Drains, 
and  an  Easy  Method  of  Estimating  the  parts  of  a  Building  collectively.    By  A.  C. 
Beaton.     Eighth  Edition.     Waistcoat-pocket  size,  is.  6d.  gilt  edges. 
"  No  builder,  architect,  surveyor,  or  valuer  should  be  without  his  '  Beaton.'  " — Building  News, 
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Constructional  Steel  Work,  &c. 

CONSTRUCTIONAL  IRON  AND  STEEL  WORK.     As  Applied 

to  Public,  Private  and  Domestic  Buildings.      A  Practical  Treatise  for  Architects, 

Students  and  Builders.    By  F.  CAMriN.    Crown  8vo,  t,s.  6d.  cloth,  \ytist published. 

"  Anyone  who  wants  a  book  on  ironwork,  as  employed  in  buildings  for  stanchions,  columns  and 

beams,  will  find  the  present  volume  to  be  suitable.    The  author  has  had  long  and  varied  experience 

in  designing  this  class  of  work.    The  illustrations  have  the  character  of  working  drawings.    This 

practical  book  may  be  counted  a  most  valuable  work." — British  Architect. 

Bartholomew  and  Rogers'  Specifications. 

SPECIFICATIONS  FOR  PRACTICAL   ARCHITECTURE.     A 

Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.  With  an  Essay  on  the 
Structure  and  Science  of  Modern  Buildings.  Upon  the  Basis  of  the  Work  by 
Alfred  Bartholomew,  thoroughly  Revised,  Corrected,  and  greatly  added  to  by 
Frederick  Rogers,  Architect.     Third  Edition,  Revised.     8vo,  15^.  cloth. 

"The  work  is  too  well  known  to  need  any  recommendation  from  us.     It  is  one  of  the  books  with 
which  every  young  architect  must  be  equipped." — Architect, 

Construction. 

THE  SCIENCE  OF  BUILDING  :  An  Elementary  Treatise  on  the 
Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A.,  Architect.  Third 
Edition,  Revised  and  Enlarged,  with  59  Engravings.     Fcap.  8vo,  4J.  cloth. 

"A  very  valuable  book,  which  we  strongly  recommend  to  all  students." — Builder. 

House  Building  and  Repairing. 

THE  HOUSE-OWNER'S  ESTIMATOR;  or,  What  will  it  Cost  to 

Build,  Alter,  or  Repair  ?  A  Price  Book  for  Unprofessional  People,  as  well  as 
the  Architectural  Surveyor  and  Builder.  By  J.  D.  Simon.  Edited  by  F.  T.  W. 
Miller,  A.R.I.B.A.     Fourth  Edition.     Crown  8vo,  3^-.  6d.  cloth. 

"  In  two  years  it  will  repay  its  cost  a  hundred  times  o\G.r."— Field. 

Building ;  Civil  and  Ecclesiastical. 

A  BOOK  ON  BUILDING,  Civil  and  Ecclesiastical,  including  Church 
Restoration  ;  with  the  Theory  of  Domes  and  the   Great    Pyramid,   &c.     By  Sir 
Edmund  Beckett,  Bart.,  LL.D.,  F.R.A.S.  Second  Edit.  Fcap.  8vo,  4J-.  6^.  cloth. 
"  a  book  which  is  always  amusing  and  nearly  always  instructive." — The  Times. 

Sanitary  Houses,  etc. 

THE  SANITARY  ARRANGEMENT  OF  DWELLING  HOUSES : 

A  Handbook  for  Householders  and  Owners  of  Houses.     By  A.  J.  Wallis-Tayler, 
A.M.Inst.  C.E.     With  numerous  Illustrations.     Crown  8vo,  2s.  6d.  cloth. 
"This  book  will  be  largely  read;    it  will  be  of  considerable  service   to  the  public.     It  is  well 
arranged,  easily  read,  and  for  the  most  part  devoid  of  technical  terms." — Lancet. 

Ventilation  of  Buildings. 

VENTILATION.  A  Text-Book  to  the  Practice  of  the  Art  of  Venti- 
lating Buildings.     By  W.  P.  BuCHAN,  R.P.     l2mo,  4^  cloth. 

**  Contains  a  great  amount  of  useful  practical  information,  as  thoroughly  interesting  as  it  is  techni- 
cally reliable.'"— Z>Vz/:,yA  Architect. 

The  Art  of  Plumbing. 

PLUMBING.     A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of  the 
Plumber.     By  W.  P.  Buchan,  R.P.      Seventh  Edition,  Enlarged.     Crown  8vo, 
3.r.  6d.  cloth. 
"  A  te.\t  book  which  may  be  safely  put  in  the  hands  of  every  young  plumber." — Builder, 

Geometry  for  the  Architect,  Engineer,  &c. 

PRACTICAL     GEOMETRY,    for    the    Architect,    Engineer,    and 

Mechanic.     Giving  Rules  for  the  Delineation  and  Application  of  various  Geometrical 
Lines,  Figures,  and  Curves.     By  E.  W.  Tarn,  M.A.,  Architect.     8vo,  <)s.  cloth. 
"  No  book  wuh  the  same  objects  in  view  has  ever  been  published  in  which  the  clearness  of  the  rules 
laid  down  and  the  illustrative  diagrams  have  been  so  satisfactory." — Scotsman. 

Tne  Science  of  Geometry. 

THE  GEOMETRY  OF  COMPASSES;  or,  Problems  Resolved  by 

the  mere  Description  of  Circles,  and  the  use  of  Coloured  Diagrams  and  Symbols. 
By  Oliver  Byrne.     Coloured  Plates.     Crown  8vo,  y.  6d.  cloth. 
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CARPENTRY,  TIMBER,  etc. 

Tredg old's  Carpentry,  Revised  and  Enlarged  by  Tarn. 

THE    ELEMENTARY   PRINCIPLES    OF    CARPENTRY:     A 

Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resistance  of 
Timber,  and  the  Construction  of  Floors,  Arches,  Bridges,  Roofs,  Uniting  Iron  and 
Stone  with  Timber,  &c.  To  which  is  added  an  Essay  on  the  Nature  and  Pro- 
perties of  Timber,  &c.,  with  Descriptions  of  the  kinds  of  Wood  used  in  Building; 
also  numerous  Tables  of  the  Scantlings  of  Timber  for  different  purposes,  the  Specific 
Gravities  of  Materials,  &c.  By  Thomas  Tredgold,  C.E.  With  an  Appendix 
of  Specimens  of  Various  Roofs  of  Iron  and  Stone,  Illustrated.  Seventh  Edition, 
thoroughly  Revised  and  considerably  Enlarged  by  E.  Wyndham  Tarn,  M.A., 
Author  of  **  The  Science  of  Building,"  &c.  With  6i  Plates,  Portrait  of  the  Author, 
and  several  Woodcuts.     In  One  large  Vol.,  4to,  25^.  cloth. 

*'^  Ought  to  be  in  every  architect's  and  every  builder's  WhrAry."— Builder. 

"  A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  carpentry  is  concerned. 
The  author's  principles  are  rather  confirmed  than  impaired  by  time.  The  additional  plates  are  of  great 
intrinsic  \dX\iQ:'—Buildmg  News. 

Woodworking  Machinery. 

WOODWORKING  MACHINERY:   Its  Rise,  Progress,  and  Con- 
struction.    With  Hints  on  the  Management  of  Saw  Mills  and  the  Economical  Con- 
version of  Timber.  Illustrated  with  Examples  of  Recent  Designs  by  leading  English, 
French,  and  American  Engineers.      By  M.  Powis  Bale,  A.M.Inst.C.E.,  M.I.M.E. 
Second  Edition,  Revised,  with  large  Additions,  large  crown  8vo,  440  pp.,  9^.  cloth. 
"Mr.  Bale  is  evidently  an  expert  on  the  subject,  and  he  has  collected  so  much  information  that  his 
book  is  all-sufficient  for  builders  and  others  engaged  in  the  conversion  of  timber." — Architect. 

"The  most  comprehensive  compendium  of  wood-working  machinery  we  have  seen.  The  author  is  a 
thorough  master  of  his  subject." — Building  News. 

Saw  Mills. 

SAW  MILLS:     Their   Arrangement    and    Management,    and    the 

Economical   Conversion  of  Timber.      (A  Companion  Volume  to  "Woodworking 

Machinery.")     By  M.  Powis  Bale,  A.M.Inst.C.E.      Second  Edition,  Revised. 

Crown  8vo,  los.  6d.  cloth.  [Just published. 

"The  administration  of  a  large  sawing  establishment  is  discussed,  and  the  subject  examined  from  a 

financial  standpoint.    Hence  the  size,  shape,  order,  and  disposition  of  saw-mills  and  the  like  are  gone  into 

in  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its  delivery  in  its  converted  state. 

We  could  not  desire  a  more  complete  or  practical  treatise." — Builder. 

Uioholson  's  Car  pen  try. 

THE  CARPENTER'S  NEW  GUIDE;  or,  Book  of  Lines  for  Car- 
penters ;  comprising  all  the  Elementary  Principles  essential  for  acquiring  a  knowledge 
of  Carpentry.  Founded  on  the  late  Peter  Nicholson's  standard  work.  A  New 
Edition,  Revised  by  Arthur  Ashpitel,  F.S.A.  Together  with  Practical  Rules 
on  Drawing,  by  George  Pyne.     With  74  Plates,  4to,  £1  is.  cloth. 

Handrailing  and  Stairbuilding. 

A   PRACTICAL   TREATISE    ON    HANDRAILING:      Showing 

New  and  Simple  Methods  for  Finding  the  Pitch  of  the  Plank,  Drawing  the  Moulds, 

Bevelling,    Tointing-up,    and    Squaring    the  Wreath.      By    George   Collings. 

Second  Edition,  Revised  and  Enlarged,  to  which  is  added  A  Treatise  on  STAir- 

BUiLDrNG.     With  Plates  and  Diagrams.    i2mo,  2s.  6d.  cloth. 
"  Will  be  found  of  practical  utility  in  the  execution  of  this  difficult  branch  of  joinery."— 5z«7.i'^r. 
"  Almost  every  difficult  phase  of  this  somewhat  intricate  branch  of  joinery  is  elucidated  by  the  aid 
of  plates  and  explanatory  letterpress." — Furniture  Gazette. 

Circular  Work. 

CIRCULAR   WORK    IN    CARPENTRY   AND    JOINERY:     A 

Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.  By  George 
Collings.     With  Diagrams.    Second  Edition,  i2mo,  2s.  6d.  cloth. 

"  An  excellent  example  of  what  a  book  of  this  kind  should  be.  Cheap  in  price,  clear  in  definition, 
and  practical  in  the  examples  selected."— ^«i7a'^r. 
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Handrailing. 

HANDRAILING  COMPLETE  IN  EIGHT  LESSONS.     On  the 

Square-Cut  System.      By  J.   S.   Goldthorp,  Teacher  of  Geometry  and  Building 
Construction  at  the  Halifax  Mechanic's  Institute.     With  Eight  Plates  and  over  150 
Practical  Exercises.     410,  3^.  6d.  cloth. 
"  Likely  to  be  of  considerable  value  to  joiners  and  others  who  take  a  pride  in  good  work.    The 

arrangement  of  the  book  is  excellent.    We  heartily  commend  it  to  teachers  and  students." — Timber 

Trades  Journal. 

Timber  Merchant's  Companion. 

TIMBER    MERCHANT'S     and     BUILDER'S    COMPANION. 

Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and  Measurement 
of  Deals  and  Battens,  of  all  sizes,  from  One  to  a  Thousand  Pieces,  and  the  relative 
Price  that  each  size  bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh 
Standard  Hundred  ;  the  Price  per  Cube  Foot  of  Square  Timber  to  any  given  Price 
per  Load  of  50  Feet  ;  the  proportionate  Value  of  Deals  and  Battens  by  the  Standard, 
to  Square  Timber  by  the  Load  of  50  Feet ;  the  readiest  mode  of  ascertaining 
the  Price  of  Scantling  per  Lineal  Foot  of  any  size,  to  any  given  Figure  per  Cube 
Foot,  &c.  &c.  By  William  Dov^sing.  Fourth  Edition,  Revised  and  Corrected. 
Crown  8vo,  y.  cloth. 

"  Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.  There  can  be  no  doubt  that  every 
timber  merchant  and  builder  ought  to  possess  it.''—  Hull  Advertiser. 

"  We  are  glad  to  see  a  fourth  edition  of  these  admirable  tables,  which  for  correctness  and  simplicity  of 
arrangement  leave  nothing  to  be  desired." — Timber  Trades'  Journal. 

Practical  Timber  liferciiant 

THE  PRACTICAL  TIMBER  MERCHANT:    Being  a  Guide  for 

the  use  of  Building  Contractors,  Surveyors,  Builders,  &c.,  comprising  useful  Tables 
for  all  purposes  connected  with  the  Timber  Trade,  Marks  of  Wood,  Essay  on  the 
Strength  of  Timber,  Remarks  on  the  Growth  of  Timber,  &c.  By  W.  Richard- 
son. Second  Edition.  Fcap.  8vo,  3^.  6d.  cloth. 
"This  handy  manual  contains  much  valuable  information  for  the  use  of  timber  merchants,  builders, 
t  iresters,  and  all  others  connected  with  the  growth,  sale,  and  manufacture  of  timber." — Journal  of  Forestry 

PacliingCase  IVI  alters,  Tables  for. 

PACKING-CASE    TABLES;    showing  the  number  of  Superficial 

Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and  upwards.  By  W. 
Richardson,  Timber  Broker.     Third  Edition.     Oblong  410,  3^.  6d.  cloth. 

"  Invaluable  labour-saving  tables." — Ironmonger.  "  Will  save  much  labour  and  calculation." — Grocer 

Superficial  Measurement. 

TRADESMAN'S  GUIDE  to  SUPERFICIAL  MEASUREMENT. 

Tables  calculated  from   i  to  200  inches  in  length,  by  I  to  108  inches  in  breadth. 

For  the  use  of  Architects,  Surveyors,  Engineers,  Timber  Merchants,  Builders,  &c. 

By  James  Hawkings.      Fourth  Edition.     Fcap.,  3^.  6d.  cloth. 

"  A  useful  collection  of  tables  to  facilitate  rapid  calculation  of  surfaces.    The  exact  area  of  any 

surface  of  which  the  limits  have  been  ascertained  can  be  instantly  determined.     The  book  will  be  found 

of  the  greatest  utility  to  all  engaged  in  building  operations." — Scotsman. 

"  These  tables  will  he  found  of  great  assistance  to  all  who  require  to  make  calculations  in  superficial 
measurement." — English  Mechanic. 

Forestry. 

THE  ELEMENTS  OF  FORESTRY.  Designed  to  afford  Infor- 
mation concerning  the  Planting  and  Care  of  Forest  Trees  for  Ornament  or  Profit, 
with  suggestions  upon  the  Creation  and  Care  of  Woodlands.  By  F.  B.  HouGH. 
Large  crown  8vo,  los.  cloth. 

Timber  Importer's  Guide. 

THE  TIMBER   IMPORTER'S,  TIMBER   MERCHANT'S,    and 

Builder's  Standard  Guide.  By  Richard  E.  Grandy.  Comprising  : — An  Analysis 
of  Deal  Standards,  Home  and  Foreign,  with  Comparative  Values  and  Tabular 
Arrangements  for  fixing  Net  Landed  Cost  on  Baltic  and  North  American  Deals, 
including  all  intermediate  Expenses,  Freight,  Insurance,  &c.  &c.  ;  together  with 
copious  Information  for  the  Retailer  and  Builder.  Third  Edition,  Revised.  i2mo, 
2s.  cloth. 
"  Everything  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a  treenail,  and  throws 
in  as  a  makeweight,  a  host  of  material  coucerniug  bricks,  columns,  cisterns,  &c." — English  Mechanic. 
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DECORATIVE  ARTS,  etc. 


Woods  and  Marbles,  Imitation  of. 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF  WOODS 
AND  MARBLES,  as  Taught  and  Practised  by  A.  R.  Van  der  Burg  and 
P,  Van  der  Burg,  Directors  of  the  Rotterdam  Painting  Institution.  Royal  folio, 
1 8^  by  \2\  in.,  Illustrated  with  24  full-size  Coloured  Plates  ;  also  12  plain  Plates, 
comprising  154  Figures.     Second  and  Cheaper  Edition.     Price ;^i  lu.  bd. 

List  of  Plates. 

Various  Tools  Required  for  Wood  liminary  Stages  of  Process  and  Finished 
Painting. — 2, 3.  Walnut  ;  Preliminary  Stages  !  Specimen. — 19.  Mahogany  ;  Specimens  of  Vari- 
OF  Graining  and  Finished  Specimen. — 4. Tools  ous  Grains  and  Methods  of  Manipulation. — 
Used  for  Marble  Painting  and  Method  of  20,  21.  Mahogany;  Earlier  Stages  and 
Manipulation.  —  5,  6.  St.  Remi  Marble;  Finished  Specimen. — 22,23. 24.  Sienna  Marble; 
Earlier  Operations  and  Finished  Specimen.  Varieties  of  Grain,  Preliminary  Stages  and 
— 7.  Methods  OF  Sketching  Different  Grains,  Finished  Specimen. — 25,  26, 27.  Juniper  Wood; 
Knots,  &c.— 8,  9,  Ash:  Preliminary  Stages  Methods  of  Producing  Grain,  &c.  ;  Prelimi- 
AND  Finished  Specimen.— 10.  Methods  of  nary  Stages  and  Finished  Specimen.— 28,  29 
Sketching  Marble  Grains.— ii,  12.  Breche  30.  Vert  de  Mer  Marble;  Varieties  of 
Marble;  Preliminary  Stages  of  Working  Grain  and  Methods  of  Working,  Unfinished 
AND  Finished  Specimen. — 13.  Maple  ;  Me-  and  Finished  Specimens. — 31,  32,  33.  Oak  ; 
thods  of  Producing  the  Different  Grains.  Varieties  of  Grain,  Tools  Employed  and 
—14,  15.  Bird's-Eye  Maple;  Preliminary  Methods  of  Manipulation,  Preliminary 
Stages  AND  Finished  Specimen.— 16.  Methods  ,  Stages  and  Finished  Specimen.— 34,  35i  36. 
of  Sketching  the  Different  Species  of  ^  Waulsort  Marble;  Varieties  of  Grain, 
White  Marble.— 17, 18.  White  Marble  ;  Pre-        Unfinished  and  Finished  Specimens. 

"Those  who  desire  to  attain  skill  in  the  art  of  painting  woods  and  marbles  will  find  advantage  in 
consulting  this  book.  .  .  .  Some  of  the  Working  Men's  Clubs  should  give  their  young  men  the 
opportunity  to  study  it." — Builder. 

"  A  comprehensive  guide  to  the  art.  The  explanations  of  the  processes,  the  manipulation  and  manage- 
ment  of  the  colours,  and  the  beautifully  executed  plates  will  not  be  the  least  valuable  to  the  student  who 
aims  at  making  his  work  a  faithful  transcript  of  nature," — Building  News. 

"  Students  and  novices  are  fortunate  who  are  able  to  become  the  possessors  of  so  noble  a  work." — 
The  Architect. 

House  Decoration. 

ELEMENTARY  DECORATION :  A  Guide  to  the  Simpler  Forms 
of  Everyday  Art.  Together  with  PRACTICAL  HOUSE  DECORATION.  By 
James  W.  Facey.  With  numerous  Illustrations.  In  One  Vol.,  5^.  strongly 
half-bound. 

House-Painting,  Graining,  etc. 

HOUSE-PAINTING,    GRAINING,     MARBLING,   AND    SIGN 
,  WRITING,  A  Practical  Manual  of.     By  Ellis  A.  Davidson.    Seventh  Edition. 

With  Coloured  Plates  and  Wood  Engravings.     i2mo,  6s.  cloth  boards. 
"  A  mass  of  information,  of  use  to  the  amateur  and  of  value  to  the  practical  msM.."— English  Mechanic. 

Decorators,  Receipts  for. 

THE  DECORATOR'S  ASSISTANT  :  A  Modem  Guide  for  Decora- 
tive Artists  and  Amateurs,  Painters,  Writers,  Gilders,  &c.  Containing  upwards  of 
600  Receipts,  Rules  and  Instructions ;  with  a  variety  of  Information  for  General 
Work  connected  with  every  Class  of  Interior  and  Exterior  Decorations,  &c.. 
Sixth  Edition.     152  pp.,  crown  8vo,  is.  in  wrapper. 

"  Full  of  receipts  of  value  to  decorators,  painters,  gilders,  &c.  The  book  contains  the  gist  of  larger 
treatises  on  colour  and  technical  processes.  It  would  be  difficult  to  meet  with  a  work  so  full  of  varied 
information  on  the  painter's  art." — Building  News. 

British  and  Foreign  Marbles. 

MARBLE  DECORATION  and  the  Terminology  of  British  and 
Foreign  Marbles.  A  Handbook  for  Students,  By  George  H.  Blagrove, 
Author  of  "  Shoring  and  its  Application,"  &c.  With  28  Illustrations.  Crown  8vo, 
3 J.  6d.  cloth. 

"This  most  useful  and  much  wanted  handbook  should  be  in  the  hands  of  every  architect  and 
builder." — Building  World. 

"  A  carefully  and  usefully  written  treatise ;  the  work  is  essentially  practical."— Scotsman, 


DECORATIVE  ARTS,    &-c.  31 


DELAMOTTE'S  WORKS  ON  ILLUMINATION  AND  ALPHABETS. 


A   PRIMER  OF  THE  ART  OF  ILLUMINATION,  for  the  Use  of 

Beginners  ;  with  a  Rudimentary  Treatise  on  the  Art,  Practical  Directions  for  its 
Exercise,  and  Examples  taken  from  Illuminated  MSS.,  printed  in  Gold  and  Colours. 
By  F.  Delamotte.    New  and  Cheaper  Edition.    Small  4to,  6s.  ornamental  boards. 

"The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much  good  sense,  the 
author  chooses  from  collections  accessible  to  all,  are  selected  with  judgment  and  knowledge,  as  well  as 
taste. ' ' — A  theiuenni. 

ORNAMENTAL  ALPHABETS,  Ancient  and  Mediaeval,  from  the  Eighth 
Century,  with  Numerals  ;  including  Gothic,  Church-Text,  large  and  small,  German, 
Italian,  Arabesque,  Initials  for  Illumination,  Monograms,  Crosses,  &c.  &c.,  for  the 
use  of  Architectural  and  Engineering  Draughtsmen,  Missal  Painters,  Masons, 
Decorative  Painters,  Lithographers,  Engravers,  Carvers,  &c.  &c.  Collected  and 
Engraved  by  F.  Delamotte,  and  printed  in  Colours.  New  and  Cheaper  Edition. 
Royal  8vo,  oblong,  2s.  6d.  ornamental  boards. 

"  For  those  who  insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop  legends  over  shop- 
doors,  who  letter  church  walls  with  pithy  sentences  from  the  Decalogue,  tnis  book  will  be  useful." — 
At/uTuzum. 

EXAMPLES  OF  MODERN   ALPHABETS,  Plain  and  Ornamental, 

including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew,  Court 
Hand,  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque ;  with  several 
Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English  Alphabets,  large 
and  small,  and  Numerals,  for  the  use  of  Draughtsmen,  Surveyors,  Masons,  Decora- 
tive Painters,  Lithographers,  Engravers,  Carvers,  &c.  Collected  and  Engraved  by 
F.  Delamotte,  and  printed  in  Colours.  New  and  Cheaper  Edition.  Royal  8vo, 
oblong,  2s.  dd.  ornamental  boards. 

*'  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet  and  numerals  can 
be  formed,  and  the  talent  which  has  been  expended  in  the  conception  of  the  various  plain  and  ornamental 
letters  is  wonderful." — Standard. 

MEDIAEVAL  ALPHABETS  &  INITIALS  FOR  ILLUMINATORS. 

By  F.  G.  Delamotte.  Containing  21  Plates  and  Illuminated  Title,  printed  in 
Gold  and  Colours.  With  an  Introduction  by  J.  WiLLis  Brooks.  Fourth  and 
Cheaper  Edition.     Small  4to,  4J.  ornamental  boards. 

"A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and  all  the  colours  of 
the  prism  interwoven  and  intertwined  and  intermingled." — Szin. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN.     Containing  Initials, 

Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesiastical  Devices, 
Mediaeval  and  Modern  Alphabets,  and  National  Emblems.  Collected  by  F.  Dela- 
motte, and  printed  in  Colours.     Oblong  royal  8vo,  \s.  6d.  ornamental  wrapper. 

"  The  book  will  be  of  great  assistance  to  ladies  and  young  children  who  are  endowed  with  the  art  of 
plying  the  needle  in  this  most  ornamental  and  useful  pretty  work." — East  Anglian  Times. 


Wood  Carving. 

INSTRUCTIONS    IN    WOOD-CARVING    FOR   AMATEURS; 

with  Hints  on  Design.  By  A  Lady.  With  Ten  Plates.  New  and  Cheaper  Edi- 
tion.    Crown  8vo,  2s.  in  emblematic  wrapper. 

"The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learnt  from   'A  Lady's 
publication." — A  theneeum. 

Painting,  Fine  Art. 

PAINTING    POPULARLY   EXPLAINED.      By  Thomas   John 

Gullick,  Painter,  and  John  Timhs,  F.S.A.  Including  Fresco,  Oil,  Mosaic, 
Water  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature,  Painting  on  Ivory, 
Vellum,  Pottery,  Enamel,  Glass,  &c.     Fifth  Edition.     Crown  8vo,  5^-.  cloth. 

*,*  Adopted  as  a  Prize  book  at  South  Kensington. 
"  Much  may  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  taught,  from  the  care- 
ful perusal  of  this  unpretending  but  comprehensive  treatise."— /4»'f  Journal. 
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NATURAL   SCIENCE,  etc. 

The  Heavens  and  their  Origin. 

THE   VISIBLE   UNIVERSE  :     Chapters  on  the  Origin  and  Con- 
struction of  the  Heavens.     By  J.  E.  Gore,  F.R.A.S.,  Author  of  "  Star  Groups," 
&c.     Illustrated  by  6  Stellar  Photographs  and  12  Plates.      Demy  8vo,  165.  cloth. 
"  A  valuable  and  lucid  summary  of  recent  astronomical  theory,  rendered  more  valuable  and  attractive 
b/  a  series  of  stellar  photographs  and  other  illustrations.'' — The  Times . 

"  In  presenting  a  clear  and  concise  account  of  the  present  state  of  our  knowledge,  Mr.  Gore  has 
made  a  valuable  addition  to  the  literature  of  the  subject." — .Nature. 

"  Mr.  Gore's  '  Visible  Universe  '  is  one  of  the  finest  works  on  pstronomical  science  that  has  recently 
appeared  in  our  language.  In  spirit  and  in  method  it  is  scientific  from  cover  to  cover,  but  the  style  is  so 
clear  and  attractive  that  it  will  be  as  acceptable  and  as  readable  to  those  who  make  no  scientific  preten- 
sions as  to  those  who  devote  themselves  specially  to  matters  astronomical." — Leeds  Mercury. 

The  Constellations. 

5TAR  GROUPS:   A  Student's  Guide  to  the  Constellations.     By  J. 

Ellard  Gore,  F.R.A.S.,  M.R.I. A.,  &c.,  Author  of   *' The  Visible  Universe,' 

"The  Scenery  of  the  Heavens,"&c.     With  30  Maps.     Small  4to,  ^s.  cloth. 

"The  volume  contains  thirty  maps  showing  stars  of  the  sixth  magnitude — the  usual  naked-eye  limit 

—  and  each  is  accompanied  by  a  brief  commentary,  adaoted  to  facilitate  recognition  and  bring  to  notice 

objects  of  special  interest.     For  the  purpose  of  a  preliminary  survey  of  the  '  midnight  pomp  '  of  the 

heavens,  nothing  could  be  better  than  a  set  of  delineations  averaging  scarcely  twenty  square  inches  in 

area,  and  including  nothicg  that  cannot  at  once  be  identified.'' — SaUirday  Review. 

Astronomical  Terms. 

AN  ASTRONOMICAL  GLOSSARY;  or,  Dictionary  of  Terms 
used  in  Astronomy.  With  Tables  of  Data  and  Lists  of  Remarkable  and  Interesting 
Celestial  Objects.  By  J.  Ellard  Gore,  F.R.A.S.,  Author  of  "The  Visible 
Universe,"  &c.  Small  crown  8vo,  2s.  6d.  cloth. 
"A  very  useful  little  work  for  beginners  in  astronomy,  and  not  to  be  despised  by  more  advanced 
students." — The  Times. 

"A  very  handy  book  .  .  .  the  utility  of  which  is  much  increased  by  its  valuable  tables  of  astro- 
nomical data." — Athenceuvi. 

The  Microscope. 

THE  MICROSCOPE:  Its  Construction  and  Management.  Including 
Technique,  Photo-micrography,  and  the  Past  and  Future  of  the  Microscope.  By 
Dr.  Henri  van  Heurck.  Re-Edited  and  Augmented  from  the  Fourth  French 
Edition,  and  Translated  by  Wynne  E.  Baxter,  F.G.S.  400  pages,  with  upwards 
of  250  Woodcuts,  imp.  8vo,  18s.,  cloth. 

"A  translation  of  a  well-known  work,  at  once  popular  and  comprehensive." — Times. 

'*  The  translation  is  as  felicitous  as  it  is  accurate." — Nature. 

The  Microscope. 

PHOTO-MICROGRAPHY.  By  Dr.  H.  van  Heurck.  Extracted 
from  the  above  Work.     Pvoyal  8vo,  with  Illustrations,  is.  sewed. 

Astronomy. 

ASTRONOMY.  By  the  late  Rev.  Robert  Main,  M. A.,  F.R.S.  Third 
Edition,  Revised  by  William  Thynne  Lynn,  B.A.,  F.R.A.S.,  formerly  of  the 
Royal  Observatory,  Greenwich.     i2mo,  2s.  cloth. 

"A  sound  and  simple  treatise,  very  carefully  edited,  and  a  capital  book  for  beginners." — Knowledge. 

"  Accurately  brought  down  to  the  requirements  of  the  presenttime  by  Mr.Lynn." — Educational  Times, 

Recent  and  Fossil  Shells, 

A  MANUAL  OF  THE  MOLLUSC  A  :  Being  a  Treatise  on  Recent 
and  Fossil  Shells.  By  S.  P.  Woodward,  A.L.S.,  F.G.S.  With  an  Appendix  on 
Recent  and  Fossil  Conchological  Discoveries  by  Ralph  Tate,  A.L.S., 
F.G.S.  With  23  Plates  and  upwards  of  300  Woodcuts.  Reprint  of  Fourth 
Edition  (18S0).  Crown  8vo,  7^.  6d.  cloth. 
"  A  most  valuable  storehouse  of  conchological  and  geological  information." — Science  Gossip. 

Geology  and  Genesis. 

THE  TWIN  RECORDS  OF  CREATION  ;  or  Geology  and  Genesis, 
their  Perfect  Harmony  and  Wonderful  Concord.  By  G.  W.  V.  le  Vaux.   8vo,  5^-,  cl. 
*  A  valuable  contribution  to  the  evidences  of  Revelation,  and  disposes  very  conclusively  of  the  argu- 
ments of  those  who  would  set  God's  Works  against  God's  Word.     No  real  difficulty  is  shirked,  and  no 
sophistry  is  left  unexposed." — JAe  Reck. 
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Mechanics. 

HANDBOOK  OF  MECHANICS.     By   Dr.   Lardner.    Enlarged 

and  re-written  by  Benjamin  Loewy,  F.R.A.S.    378  Illusts.     Post  8vo,  6s.  cloth. 

"The  perspicuity  of  the  original  has  been  retained,  and  chapters  which  had  become  obsolete  have 

been  replaced  by  others  of  more  modern  character.     The  explanations  throughout  are  studiously  popular, 

and  care  has  been  taken  to  show  the  application  of  the  various  branches  of  physics  to  the  industrial  arts, 

and  to  the  practical  business  of  life." — Mining  J onrtial. 

Hydrostatics,  &c. 

HANDBOOK  OF  HYDROSTATICS  AND   PNEUMATICS.   By 

Dr.   Laruner.      New  Edition,    Revised    and   Enlarged  by   Benjamin    Loewy, 
F.R.A.S.     With  236  Illustrations.     Post  8vo,  5^.  cloth. 
*'  For  those  '  who  desire  to  attain  an  accurate  knowledge  of  physical  science  without  the  profound 
methods  of  mathematical  investigation,'  this  work  is  well  adapted." — Chemical  Ne^vs. 

Heat. 

HANDBOOK  OF  HEAT.    By  Dr.  Lardner.  Edited  and  re- written 
by  Benjamin  Loewy,  F.R.A.S.,  «&c.     117  Illustrations.     Post  8vo,  6s.  cloth. 
"The  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving  any  cloudiness  or 
lurking  douots  behind." — Engineering. 

Optics. 

HANDBOOK  OF  OPTICS.      By  Dr.  Lardner.      New  Edition. 
Edited  by  T.  Olver  Harding,  B.  A.  Lond.     With  298  Illustrations.     Small  8vo, 
448  pages,  5J-.  cloth. 
"Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately  illustrated." 
— Mechanic's  Magazine. 

Electricity,  &c. 

HANDBOOK  OF  ELECTRICITY,  MAGNETISM,  and  Acoustics. 

By  Dr.   Lardner.      Edited  by  Geo.  Carey  Foster,  B.A.,  F.C.S.     With  400 

Illustrations.     Small  8vo,  5^.  cloth. 
"The  book  could  not  have  been  entrusted  to  anyone  better  calculated  to  preserve  the  terse  and 
lucid  style  of  Lardner,  while  correcting  his   errors  and  bringing  up  his  wofk  to  the  present  state  of 
scientific  knowledge." — Popular  Science  Review. 

Astronomy. 

HANDBOOK  OF  ASTRONOMY.      By   Dr.    Lardner.    Fourth 

Edition.     Revised  and  Edited  by  Edwin  Dunkin,  F.R.A.S.,  Royal  Observatory, 
Greenwich.   With  38  Plates  and  upwards  of  100  Woodcuts.   8vo,  ^s.  6d.  cloth. 
"  Probably  no  other  book  contains  the  same  amount  of  information  in  so  compendious  and  well- 
arranged  a  form — certainly  none  at  the  price  at  which  this  is  offered  to  the  public." — Athenmnni. 

'*  We  can  do  no  other  than  pronounce  this  work  a  most  valuable  manual  of  astronomy,  and  we 
strongly  recommend  it  to  all  who  wish  to  acquire  a  general — but  at  the  same  time  correct— acquaintance 
with  this  sublime  science." — Quarterly  Journal  of  Science. 

Cyclopoedia  of  Science. 

MUSEUM  OF  SCIENCE  AND  ART.     Edited  by  Dr.  Lardner. 

With  upwards  of  i,2CO  Engravings  on  Wood.      In  Six   Double  Volumes,  £i  is.  in 
a  new  and  elegant  cloth  binding  ;  or  handsomely  bound  ia  half-morocco,  31.C  6d. 
"  A  cheap  and  interesting  publication,  alike  informing  and  attractive.    The  papers  combine  sub- 
jects of  importance  and  great  scientific  knowledge,  considerable  inductive  powers,  and  a  popular 
style  of  XitoiTaenl."— spectator. 

Separate  books  formed  from  the  above. 


Common  Thingfs  Explained.    5^. 
The  Microscope.     2.s.  cloth. 
Popular  Geology.    2s.  6d.  cloth. 
Popular  Physics.    2s.  6d.  cloth. 


Steam  and  its  Uses.    2s.  cloth. 
Popular  Astronomy.    4..  6d.  cloth. 
The  Bee  and  White  Ants.    'zs.  cloth. 
The  Electric  Telegraph.     \s.  6d. 


By  Dr.  Lardner. 


■British  Quarterly  Review. 

By  Dr.  Lardner. 


NATURAL  PHILOSOPHY  FOR  SCHOOLS. 

Fcap.  8vo,  3J.  6d. 
*' a  very  convenient  class-book  for  junior  students  in  private  schools." 

ANIMAL  PHYSIOLOGY  FOR   SCHOOLS. 

Fcap.  8vo,  3^,  6d. 
"  Clearly  written,  well  arranged,  and  excellently  \\\\ii%.\XdXt6..''— Gardener's  Chronicle. 

THE  ELECTRIC  TELEGRAPH.      By  Dr.  Lardner.     Revised 
by  E.  B.  Bright,  F.R.A.S.     Fcap.  8vo,  2s.  6d.  cloth. 
"  One  of  the  most  readable  books  extant  on  the  Electric  Telegraph." — English  Mechanic. 
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CHEMICAL  MANUFACTURES,   CHEMISTRY,  etc. 

\l\later. 

WATER  AND  ITS  PURIFICATION.     A  Handbook  for  the  Use 

of  Local  Authorities,  Sanitary  Officers,  and  others  interested  in  Water  Supply.  By 
Samuel  Rideal,  D.Sc,  Lond.,  F.I.C.  With  numerous  Illustrations  and  Tables. 
Crown  8vo,  ']s.  6d.  cloth.  {Just  published. 

Chemistry  for  Engineers,  etc. 

ENGINEERING  CHEMISTRY:  A  Practical  Treatise  for  the  Use  of 

Analytical  Chemists,  Engineers,  Iron  Masters,  Iron  Founders,  Students  and  others. 

Comprising  Methods  of  Analysis  and  Valuation  of  the  Principal  Materials  used  in 

Engineering  Work,  with  numerous  Analyses,  Examples  and  Suggestions.     By  H. 

Joshua  Phillips,  F.I.C,  F.C.S.,  Formerly  Analytical  and  Consulting  Chemist 

to  the  Great  Eastern  Railway.     Second  Edition,    Revised  and  Enlarged.     Crown 

8vo,  400  pp.,  with  Illustrations,  loj.  6a.  cloth. 

"  In  this  work  the  author  has  rendered  no  small  service  to  a  numerous  body  of  practical  men.     .     . 

The  analytical  methods  may  be  pronounced  most  satisfactory,  being  as  accurate  as  the  aespatch  required 

of  engineering  chemists  permits." — Chemical  IVews. 

"Those  in  search  of  a  handy  treatise  on  the  subject  of  analytical  chemistry  as  applied  to  the 
every-day  requirements  of  workshop  practice  will  tind  this  volume  of  great  assistance."— /ro«. 

"  The  book  will  be  very  useful  to  those  who  require  a  handy  and  concise  resume  of  approved 
methods  of  analysing  and  valuing  metals,  oils,  fuels,  &c.  It  is,  in  fact,  a  work  for  chemists,  a  guide 
to  the  routine  of  the  engineering  laboratory.  .  .  .  The  book  is  full  of  good  things.  As  a  handbook  ot 
technical  analysis,  it  is  very  welcome." — Builder. 

"  The  analytical  methods  given  are,  as  a  whole,  such  as  are  likely  to  give  rapid  and  trustworthy 
results  in  experienced  hands.  .  .  .  There  is  much  excellent  descriptive  matter  in  the  work,  the 
chapter  on  '  Oils  and  Lubrication'  being  specially  noticeable  in  this  respect."— ^Mg-m^cr. 

Nitro-Explosiues, 

NITRO- EXPLOSIVES.       A    Practical   Treatise  concerning   the 
Properties,  Manufacture,  and  Analysis  of  Nitrated  Substances,  including  the  Ful- 
minates,  Smokeless  Powders  and  Celluloid.     By  P.  Gerald  Sanford,  F.I.C. 
Consulting  Chemist  to  the  Cotton   Powder  Company,  Limited,  &c.     With  Illus- 
trations.    Crown  8vo,  9^.  cloth.  [Just  published. 
"  Anyone  having  the  requisite  apparatus  and  materials  could  make  nitro-glycerine  or  gun-cotton, 
to  say  nothing  of  other  explosives,  by  the  aid  of  the  instructions  contained  in  this  volume.    This  is 
one  ol  the  very  few  text-books  in  which  can  be  found  just  what  is  wanted,  Mr.  Sanford  goes  steadily 
through  the  whole  list  of  explosives  commonly  used,  he  names  any  given  explosive  and  tells  us  of 
what  it  is  composed  and  how  it  is  manufactured.   The  book  is  excellent  throughout." — The  Engineer. 
"A  good  straightforward  treatise  on  an  important  subject.     Mr.  Sanford  has  had  unusual  oppor- 
tunities tor  making  himself  acquainted  with  the  minutiae  of  the  manufacture  of  these  explosives,  and 
has  set  down  his  knowledge  in  a  simple,  easy,  intelligible  fashion  that  renders  his  book  a  valuable 
contribution  to  Ihe  literature  of  explosives." — Mining  Joicrnal. 

"  A  thorouahly  practical  account  of  the  manufacture,  properties,  &c.,  of  nitro-explcsives.  It  is  an 
admirable  work,  which  reflects  the  highest  credit  on  the  author."— C£»///Vrj/  G2iard.an. 

Explosives. 

A    HANDBOOK    ON    MODERN    EXPLOSIVES.      A   Practical 

Treatise  on  the  Manufacture  and  Use  of  Dynamite,  Gun-Cotton,  Nitro-Glycerine 
and  other  Explosive  Compounds,  including  Collodion-Cotton.  With  Chapters  on 
Explosives  in  Practical  Application.  By  M.  Eissler,  Mining  Engineer  and 
Metallurgical  Chemist,  Author  of  "The  Metallurgy  of  Gold,"  "The  Metallurgy 
of  Silver,"  &c.  Second  Edition,  Enlarged.  With  150  Illustrations.  Crown 
8vo,  12s.  6d.  cloth.  [Just  published. 

"  Useful  not  only  to  the  miner,  but  also  to  officers  of  both  services  to  whom  blasting  and  the 

use  of  explosives  generally  may  at  any  time  become  a  necessary  auxiliary." — Nature. 

"  A  veritable  mine  of  information  on  the  subject  of  explosives  employed  for  military,  mining  and 

blasting  purposes." — Army  and  Navy  Gazette, 

Explosives  and  Dangerous  Goods. 

DANGEROUS  GOODS  :  Their  Sources  and  Properties,  Modes  of 
Storage  and  Transport.  With  Notes  and  Comments  on  Accidents  arising  there- 
from, together  with  the  Government  and  Railway  Classifications.  Acts  of  Parlia- 
ment, &c.  A  Guide  for  the  Use  of  Government  and  Railway  Officials,  Steamship 
Owners,  Insurance  Companies  and  Manufacturers  and  Users  of  Explosives  and 
Dangerous  Goods.  By  H.  Joshua  Phillips,  F.I.C,  F.C.S.,  Author  of  "En- 
gineering, Chemistry,"  &c.     Crown  8vo,  374  pages,  9.^.  cloth. 
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The  Alkali  Trade,  Manufacture  of  Sulphuric  Acid,  &c. 

A  MANUAL  OF  THE  ALKALI   TRADE,  including  the  Manu- 
facture of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching  Powder.     By  John 
LoMAS,  Alkali  Manufacturer,  Newcastle-upon-Tyne  and  London.     With  232  Illus- 
trations and  Working  Drawings,  and  containing  390  pages  ofText.    Second  Edition, 
with  Additions.     Super-royal  8vo,  ;^i  loj.  cloth. 
"  This  book  is  written  by  a  manufacturer  for  manufacturers.    The  working  details  of  the  most  ap- 
proved forms  of  apparatus  are  given,  and  these  are  accompanied  by  no  less  than  232  wood  engravings,  all 
of  which  may  be  used  for  the  purposes  of  construction.     Every  step  in  the  manufacture  is  very  fully 
described  in  this  manual,  and  each  improvement  explained." — Athenceiivt. 

"  We  rind  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of  the  trade,  but  a 
notice  ofnumerous  matters  which  have  a  most  important  bearing  on  the  successful  conduct  of  alkah  works, 
but  which  are  generally  overlooked  by  even  experienced  technological  authors," — Chemical  Review. 

The  Blowpipe. 

THE     BLOWPIPE     IN    CHEMISTRY,     MINERALOGY,    and 

Geology.  Containing  all  known  Methods  of  Anhydrous  Analysis,  many  Work- 
ing Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut. -Colonel  W.  A. 
Ross,  R.A.,  F.G.S.  With  120  Illustrations.  Second  Edition,  Enlarged.  Crown 
8vo,  5J-.  cloth. 

"The  student  who  goes  conscientiously  through  the  course  of  experimentation  here  laid  down  will 
gain  a  better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  '  got  up  '  any  of  the  best 
text-books  of  the  day,  and  passed  any  number  of  examinations  in  their  contents." — Chemical  Neius. 

Commercial  Chemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANALYSIS; 

or.  Practical  Instructions  for  the  determination  of  the  Intrinsic  or  Commercial  Value 
of  Substances  used  in  Manufactures,  in  Trades,  and  in  the  Arts.   By  A.  Normandy, 
New  Edition  by  H.  M.  Noad,   Ph.D.,  F.R.S.      Crown  8vo,  12s.  ed.  cloth. 
"We  strongly  recommend  this  book  to  our  readers  as  a  guide,  alike  indispensable  to  the  housewife 
iis  to  the  pharmaceutical  practitioner." — Medical  Times. 

Dye-Wares  and  Colours. 

THE    MANUAL   OF   COLOURS  AND   DYE  -  WARES  :     Their 

Properties,  Applications,  Valuations,   Impurities,  and  Sophistications.       For    the 
use  of    Dyers,    Printers,   Drysalters,  Brokers,   &c.      By  J.  W.  Slater.      Second 
Edition,  Revised  and  greatly  Enlarged,  crown  8vo,  ^s.  6d.  cloth. 
■'  A  complete  encyclopaedia  of  the  materia  tinctoria.     The  information  given  respecting  each  article 
is  full  and  precise,  and  the  methods  of  determining  the  value  of  articles  such  as  these,  so  liable  to  sophis- 
tication, are  given  with  clearness,  and  are  practical  as  well  as  valuable." — Chemist  and  Druggist. 

'*  There  is  no  other  work  which  covers  precisely  the  same  ground.  To  students  preparing  for 
examinations  in  dyeing  and  printing  it  will  prove  exceedingly  useful." — Chemical  News. 

Modern  Brewing  and  Malting. 

A  HANDYBOOK  FOR  BREWERS:    Being  a  Practical  Guide  to 

the  Art  of  Brewing  and  Malting.  Embracing  the  Conclusions  of  Modern  Research 
which  bear  upon  the  Practice  of  Brewing.  By  Herbert  Edwards  Wright. 
M.A.     Second  Edition,  Enlarged.     Crown  8vo,  530  pp.,  12s.  td.  cloth. 

"  May  be  consulted  with  advantage  by  the  student  who  is  preparing  himself  for  examinational 
tests,  while  the  scientific  brewer  will  find  in  it  a  resume  of  all  the  most  important  discoveries  of 
modern  times.  The  work  is  written  throughout  in  a  clear  and  concise  manner,  and  the  author  takes 
great  care  to  discriminate  between  vague  theories  and  well-established  facts." — Brewers'  Journal. 

"  We  have  great  pleasure  in  recommending  this  handybook,  and  have  no  hesitation  in  saying  that 
it  is  one  of  the  best — if  not  the  best — which  has  yet  been  written  on  the  subject  of  beer-brewing  in  this 
<;ountry,  it  should  have  a  place  on  the  shelves  of  every  brewer's  library," — Brezuer's  Guardian. 

"Although  the  requirements  of  the  student  are  primarily  considered,  an  acquaintance  of  half-an- 
hour's  duration  cannot  fail  to  impress  the  practical  brewer  with  the  sense  of  having  found  a  trustworthy 
jfuide  and  practical  counsellor  in  brewery  matters."— C/i^;«zVa/  Trade  Joztrnal. 

Analysis  and  Valuation  of  Fuels. 

FUELS:  SOLID,  LIQUID,  AND  GASEOUS:  Their  Analysis  and 
Valuation.  For  the  Use  of  Chemists  and  Engineers.  By  H.  J.  Phillils,  F.  C.S., 
Formerly  Analytical  and  Consulting  Chemist  to  the  Great  Eastern  Railway. 
Third  Edition,  Revi.sed  and  Enlarged.  Crown  8vo,  2s,  cloth. 
"  Qugnt  to  have  its  place  in  the  laboratory  of  every  metallurgical  establishment,  and  wherever 
fuel  is  used  on  a  large  scale." — Chemical  News, 
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Pigments. 

THE  ARTISTS*  MANUAL  OF  PIGMENTS.  Showing  their  Com- 
position, Conditions  of  Permanency,  Non-Permanency,  and  Adulterations  ;  Effects 
in  Combination  with  Each  Other  and  with  Vehicles  ;  and  the  most  Reliable  Tests 
of  Purity.  By  H.  C.  Standage.  Third  Edition,  crown  8vo,  2s.  6d.  cloth. 
"  This  work  is  indeed  multum-in-parvo,  and  we  can,  with  good  conscience,  recommend  it  to  all  who 
come  iu  contact  with  pigments,  whether  as  makers,  dealers,  or  users." — Chemical  Reviezv. 

Gauging.     Tables  and  Rules  for  Revenue  Officers,  Brewers,  &c. 

A   POCKET-BOOK   OF   MENSURATION    AND   GAUGING: 

Containing  Tables,  Rules,   and  Memoranda  for  Revenue  Officers,  Brewers,   Spirit 

Merchants,  &c.     By  J.  B.   Manx   (Inland  Revenue).      Second  Edition,    Revised. 

i8mo,  4J-.  leather. 

'"^his  handy  and  useful  book  is  adapted  to  the  requirements  of  the  Inland  Revenue  Department. 

and  will  be  a  favourite  book  of  reference.     The  range  of  subjects  is  comprehensive,  and  the  arrangement 

simple  and  clear." — Civilian.    *'  Should  be  in  the  hands  of  every  practical  brewer." — Brewers'  Journal. 
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Cycte  Manufacture. 

MODERN  CYCLES  :  A  Practical  Handbook  on  their  Construction 
and  Repair.  By  A.  J.  Wallis-Tayler,  A.M. Inst. C.E.  Author  of  "Refrige- 
rating Machinery,"  &c.  With  upwards  of  300  Illustrations.  Crown  8vo,  lox.  6d. 
cloth.  [y«-y^  published. 

Tea  Growing  and  l^anufacture. 

TEA  :  A  Text  Book  of  Tea  Planting  and  Manufacture.  Comprising 
Chapters  on  the  History  and  Development  of  the  Industry,  the  Cultivation  of  the 
Plant,  the  Preparation  of  the  Leaf  for  the  Market,  the  Botany  and  Chemistry  of 
Tea,  &c.  With  some  Account  of  the  Laws  affecting  Labour  in  Tea  Gardens 
in  Assam  and  elsewhere.  By  David  Crole,  late  of  the  Jokai  Tea  Company,  &c. 
With  Plates  and  other  Illustrations.     Medium  8vo,  l6s.  cloth.  YJtist published. 

Cotton  Spinning. 

COTTON  MANUFACTURE:  A  Manual  of  Practical  Instruction 
of  the  Processes  of  Opening,  Carding,  Combing,  Drawing,  Doubling  and  Spinning 
of  Cotton,  the  Methods  of  Dyeing  &c.  For  the  Use  of  Operatives,  Overlookers, 
and  Manufacturers.  By  John  Lister,  Technical  Instructor,  Pendleton.  8vo, 
"js.  6d.  cloth. 

"This  invaluable  volume  is  a  distinct  advance  in  the  literature  of  cotton  manufacture." — Machinery. 

"  It  is  thoroughly  reliable,  fulfilling  nearly  all  the  requirements  desired.'" — Glasgow  Herald. 

Flour  Manufacture,  Milling,  etc. 

FLOUR  MANUFACTURE  :  A  Treatise  on  Milling  Science  and  Prac- 
tice.      By  Friedrich  Kick,  Imperial  Regierungsrath,    Professor  of  Mechanical 
Technology  in  the  Imperial  German  Polytechnic  Institute,    Prague.     Translated 
from  the  Second  Enlarged  and  Revised  Edition  with  Supplement.     By  H.  H.  P. 
PowLES,  Assoc.  Metnb.  Institution  of  Civil  Engineers.     Nearly  400  pp.     Illustrated 
with  28  Folding  Plates,  and  167  Woodcuts.    Roy.  8vo,  25^.  cloth. 
•'  This  valuable  work  is,  and  will  remain,  the  standard  authority  on  the  science  of  milling.     .     .     ; 
The  miller  who  has  read  and  digested  this  work  will  have  laid  the  foundation,  so  to  speak,  of  a  successful 
career ;  he  will  have  acquired  a  number  of  general  principles  which  he  can  proceed  to  apply.     In  this 
handsome  volume  we  at  last  have  the  accepted  text-book  of  modern  milling  in  good,  sound  English, 
which  has  little,  if  any,  trace  of  the  German  idiom." — The  Miller. 

"  The  appearance  ot  this  celebrated  work  in  English  is  very  opportune,  and  British  millers  will,  we 
are  sure,  nol  be  slow  in  availing  themselves  of  its  pages." — Millers'  Gazette. 
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Agglutinants. 

CEMENTS,     PASTES,    GLUES    AND    GUMS:     A    Practical 

Guide  to  the  Manufacture  and  Application  of  the  various  Agglutinants  required  in 
the  Building,  Metal-Working,  Wood-Working,  and  Leather-XVorking  Trades,  and 
for  Vv'orkshop,  Laboratory  or  Office  Use.  With  upwards  of  900  Recipes  and  For- 
muliTe.     By  H.   C.    Standage,  Chemist.      Third  Edition.      Crown  8vo,  2.s.  cloth. 

\Jtist  published. 
"  We  have  pleasure  in  speaking  favourably  of  this  volvime.      So  far  as  we  have  had  experience, 
which  is  not  inconsiderable,  this  manual  is  trustworthy." — Athenocjcin. 

"As  a  revelation  of   what  are    considered     trade  secrets,  this  book  will   arouse   an   amount    of 
curiosity  among  the  large  number  of  industries  it  touches." — Daily  Chronicle . 

Soap-making. 

THE   ART  OF   SOAP-MAKING:    A  Practical  HandboDk  of  the 

Manufacture  of  Hard  and  Soft  Soaps,  Toilet  Soaps,  &c.     Including  many  New 
Processes,  and  a  Chapter  on  the  Recovery  of  Glycerine  from  Waste  Leys.     By 
Alexander    Watt.     Fifth   Edition,   Revised,  with   an   Appendix  on   Modem 
Candlemaking.     Crown  Svo,  ys.  6d.  cloth. 
"  The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the  pri,ctical  soap 
boiler  who  wishes  to  understand  the  theory  of  his  art." — Chefitical  Neius. 

"  A  thoroughly  practical  treatise  on  an  art  which  has  almost  no  literature  in  our  language.    We  con- 
gratulate the  author  on  the  success  of  his  endeavour  to  fill  a  void  in  English  technical  literature." — Nature. 

Paper  Making. 

PRACTICAL  PAPER-MAKING:  A  Manual  for  Paper-Makers  and 

Owners  and  Managers  of  Paper-Mills.     With  Tables,  Calculations,  &c.      By   G. 

Clappertox,  Paper-maker,     With  Illustrations  of  Fibres  from  Micro-photographs. 

Crown  Svo,  <,s.  cloth. 

"The  author  caters  for  the  requirements  of  responsible  mill  hands,  apprentices,  &c.,  whilst  his 

manual  will  be  found  of  great  service  to  students  of  technology,  as  well  as  to  veteran  paper-makers 

and  mill  owners.    The  illustrations  form  an  excellent  feature." — The  World's  Paper  Trade  Review. 

"  We  recommend  everybody  interested  in  the  trade  to  get  a  copy  of  this  thoroughly  practical 
book." — Paper  Making. 

Paper  /leaking. 

THE  ART  OF  PAPER=MAKING  :  A  Practical  Handbook  of  the 

Manufacture  of  Paper  from  Rags,  Esparto,   Straw,  and  other  Fibrous  Materials. 
Including  the  Manufacture  of  Pulp  from  Wood  Fibre,  with  a  Description  of  the 
Machinery  and  Appliances  used.     To  which  are  added  Details  of  Processes  for 
Recovering  Soda  from  Waste  Liquors.     By  Alexander  Watt,  Author  of  '*The 
Art  of  Soap-Making."     With  Illustrations.     Crown  Svo,  7s.  6d.  cloth. 
"  It  may  be  regarded  as  the  standard  work  on  the  subject.    The  book  is  full  of  valuable  informa- 
tion.   The  'Art  ol  Paper-making,'  is  in  every  respect  a  model  of  a  text-book,  either  for  a  technical 
class,  or  for  the  private  student." — Paper  and  Printing  Trades  Journal. 

Leatiier  Manufacture. 

THE  ART  OF  LEATHER  MANUFACTURE:  Being  a  Practical 

Handbook,  in  which  the  Operations  of  Tanning,  Currying,  and  Leather  Dressing 
are  fully  Described,  and  the  Principles  of  Tanning  Explained,  and  many  Recent 
Processes  Introduced  ;  as  also  Methods  for  the  Estimation  of  Tannin,  and  a 
Description  of  the  Arts  of  Glue  Boiling,  Gut  Dressing,  &c.  By  Alexander 
Watt,  Author  of  "Soap-Making,"  &c.  Fourth  Edition.  Crown  Svo,  gs.  cloth. 
"A  sound,  comprehensive  treatise  on  tanning  and  its  accessories.  The  book  is  an  eminently  valuable 
production,  which  redounds  to  the  credit  of  both  author  and  ^\xh\\i,]Mxs.'"—Chefnical  Review. 

Boot  and  Slioe  Making. 

THE  ART  OF  BOOT  AND  5H0E-MAKING  :  A  Practical  Hand- 

book,  including  Measurement,  Last-Fitting,  Cutting-Out,  Closing  and  Making, 
with  a  Description  of  the  most  approved  Machinery  Employed.  By  John  B. 
Leno,  late  Editor  oi  St.  Crispin^  and  The  Boot  and  Shoe-Maker.     i2mo,  2s.  cloth. 

Dentistry  Construction. 

MECHANICAL  DENTISTRY:  A  Practical  Treatise  on  the  Con- 
struction of  the  various  kinds  of  Artificial  Dentures.  Comprising  also  Useful  For- 
mulae, Tables,  and  Receipts  for  Gold  Plate,  Clasps,  Solders,  «5cc.  &c.  By  C. 
Hunter.    Third  Edition.    With  100  Wood  Engravings.   Crown  Svo,  2t^.  6d.  cloth. 
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Wood  Engraving. 

WOOD  ENGRAVING:    A  Practical  and  Easy  Introduction  to  the 
vStudy  of  the  An.     By  W.  N.  Brown.     i2mo,  is.  6d.  cloth. 
"The  book  is  clear  and   complete,  and  will  be  useful  to  anyone  wanting  to  understand  the  first 
elements  of  the  beautiful  art  of  wood  engfraving." — Graphic. 

Horology. 

A  TREATISE  ON  MODERN   HOROLOGY,  in  Theory  and  Prac- 
tice.    Translated  from   the   French  of  Claudius   Saunter,    ex-Director  of  the 
School  of  Horology  at  Macon,  by  Julien  Tripplin,  F.  R.A.S.,  Besancon  Watch 
Manufacturer,    and    Edward  Rigg,    M.A.,    Assayer  in  the   Royal  Mint.     With 
Seventy-eight   Woodcuts    and    Twenty-two    Coloured    Copper   Plates.       Second 
Edition.     Super-royal  8vo,  £2  2s,  cloth  ;  £2  los.  half-calf. 
"  There  is  no  horological  work  in  the  English  language  at  all  to  be  compared  to  this  production   of 
M.  Saunier's   for  clearness   and  completeness.     It  is  alike  good  as  a  guide  for  the  student  and  as  a 
reference  for  the  experienced  horologist  and  skilled  workman." — Horological  Jojtrtial. 

"The  latest,  the  most  complete,  and  the  most  reliable  of  those  literary  productions  to  which  con- 
tinental watchmakers  are  indebted  for  the  mechanical  superiority  over  their  English  brethren — in  fact 
the  Book  of  Books,  is  M.  Saunier's  '  Treatise.'  " — Watchmaker,  Jev.<eller.  and  Silversmith. 

Watch  Adjusting. 

THE  WATCH  ADJUSTER'S  MANUAL:  A  Practical  Guide  for 

the  Watch  and  Chronometer  Adjuster  in  Making,  Springing,  Timing  and  Adjusting 
for  Isochronism,  Positions  and  Temperatures.  By  C.  E.  Fritts.  370  pages, 
with  Illustrations,  8vo,  l6s.  cloth. 

Watchmahing. 

THE  WATCHMAKER'S  HANDBOOK.  Intended  as  a  Workshop 
Companion  for  those  engaged  in  Watchmaking  and  the  Allied  Mechanical  Arts. 
Translated  from  the  French  of  Claudius  Saunier,  and  enlarged  by  Julten 
Tripplin,  F.R.A.S.,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint. 
Third  Edition.  Crown  8vo,  9^.  cloth. 
"  Each  part  is  truly  a  treatise  in  itself.  The  arrangement  is  good  and  the  language  is  clear  and 
concise.     It  is  an  admirable  guide  for  the  young  watchmaker." — Engineering. 

"  It  is  impossible  to  speak  too  highly  of  its  excellence.  It  fulfils  every  requirement  in  a  handbook 
intended  for  the  use  of  a  workman.     Should  be  found  in  every  workshop." — Watch  and  Clockmaker. 

Watches  and  Timekeepers. 

A  HISTORY  OF  WATCHES  AND   OTHER  TIMEKEEPERS. 

By  James  F.  Kendal,  M.B.H.  Inst.     is.  6d.  boards  ;  or  2s.  6d.  cloth,  gilt. 
"The  best  which  has  yet  appeared  on  this  subject  in  the  English  language." — Industries. 
"  Open  the  book  where  you  may,  there  is  interesting  matter  in  it  concerning  the  ingenious 
devices  of  the  ancient  or  modern  horologer." — Saturday  Review. 

Electrolysis  of  Gold,  Silver,  Copper,  &c. 

ELECTRO- DEPOSITION  :  A  Practical  Treatise  on  the  Electrolysis 

of  Gold,  Silver,  Copper,  Nickel,  and  other  Metals  and  Alloys.  With  descriptions 
of  Voltaic  Batteries,  Magneto  and  Dynamo-Electric  Machines,  Thermopiles,  and 
of  the  Materials  and  Processes  used  in  every  Department  of  the  Art,  and  several 
Chapters  on  Electro-Metallurgy.  By  Alexander  Watt,  Author  of 
"  Electio-Metallurgy,*'  &c.  Third  Edition,  Revised.  Crown  8vo,  9.^.,  cloth. 
"  Eminently  a  book  for  the  practical  worker  in  electro-deposition.  It  contains  practical  descriptions 
of  methods,  processes  and  materials,  as  actually  pursued  and  used  in  the  workshop.'' — Engineer. 

Electro-Metallurgy. 

ELECTRO-METALLURGY:  Practically  Treated.    By  Alexander 
Watt.     Tenth  Edition,  including  the  most  recent  Processes.     i2mo,  3^.  6d.  cloth. 
"  From  this  book  both  amateur  and  artisan  may  learn  everything  necessary  for  the  successful  pro- 
secution of  electroplating." — Iron. 

Working  in  Gold. 

THE  JEWELLER'S  ASSISTANT  in  the  Art  of  Working  in  Gold. 

A   Practical  Treatise  for  Masters  and  Workmen,   Compiled   from  the  Experience 
of  Thirty  Years'  Workshop  Practice.    By  George  E.  Gee,  Author  of  *'  The  Gold- 
smith's Handbook,"  &c.     Crown  8vo,  "js,  6d.  cloth, 
"  This  manual  of  technical  education  is  apparently  destined  to  be   a  valuable  au  xiliary  to  a  hand- 
craft which  is  certainly  capable  of  great  improvement.''— T'A^  Times. 
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Electroplating. 

ELECTROPLATING  :  A  Practical  Handbook  on  the  Deposition  of 
Copper,  Silver,  Nickel,  Gold,  Aluminium,  Brass,  Platinum,  &c.  &c.  By  J.  Vv. 
Urquhart,  C.E.      Third  Edition,  Revised.      Crown  8vo,  5 j.  cloth. 

"An  excellent  practical  mdinvLdi[."— Engineering. 

"An  excellent  work,  giving  the  newest  information."— Horo/og'tca/  Journal. 

Electrotyping. 

ELECTROTYPINQ  :  The  Reproduction  and  Multiplication  of  Print- 
ing Surfaces  and  Works  of  Art  by  the  Electro-deposition  of  Metals.     By  J.  W. 
Urquhart,  C.E.     Crown  8vo,  5^-.  cloth. 
"The  book  is  thoroughly  practical  ;  the  reader  is,  therefore,  conducted  through  the  leading  laws  of 

electricity,  then  through  the  metals  used  by  electrotypers,  the  apparatus,  and  the  depositing  processes,  up 

to  the  final  preparation  of  the  work."—  /I r/  Journal. 

Goldsmiths'  Work. 

THE     GOLDSMITH'S    HANDBOOK.       By    George    E.   Gee, 

Jeweller,  &c.     Fourth  Edition.     i2mo,  3^.  6d.  cloth. 
"A  good,  sound  educator,  and  will  be  generally  accepted  as  an  2,\x'i\^ox\X.y.''^—Horological  Journal. 

Silversmiths'  Work. 

THE     SILVERSMITH'S    HANDBOOK.      By  George    E.  Gee, 

Jeweller,  &c.     Third  Edition,  with  numerous  lUusts.     i2mo,  3i-.  6d.  cloth. 
"  The  chief  merit  of  the  work  is  its  practical  character.     .     .     The  workers  m  the  trade  will  speedily 
discover  its  merits  when  they  sit  down  to  study  \V— English  Mechanic. 

* ^*   The.  above  tzuo  works  together,  strongly  half-bound^  price  Is, 

Sheet  Metal  Working, 

SHEET  METAL  WORKER'S  INSTRUCTOR:     Comprising  a 

Selection  of  Geometrical  Problems  and  Practical  Rules  for  Describing  the  Various 
Patterns  Required  by  Zinc,  Sheet-Iron,  Copper  and  Tin-PIate  Workers.  By 
Reuben  Henry  Warn,  Practical  Tin-Plate  Worker.  New  Edition,  Revised  and 
greatly  Enlarged  by  Joseph  G.  Horner,  A.M.I.M.E.  Crown  8vo,  254  pages, 
with  430  Illustrations.     ^ s.  6d.  c\o\.h..  \Just  published. 

Bread  and  Biscuit  Baking. 

THE    BREAD    AND    BISCUIT    BAKER'S    and    Sugar  Boiler's 

Assistant.     Including  a  large  variety  of  Modern   Recipes.     With  Remarks  on  the 
Art  of  Bread-making.    By  Robert  Wells.     Third  Edition.     Cr.  8vo,  2s.  cloth. 
"A  large  number  of  wrinkles  for  the  ordinary  cook,  as  well  as  the  hdiker."— Saturday  Review. 

Confectionery  for  Hotels  and  Restaurants. 

THE  PASTRYCOOK  AND   CONFECTIONER'S  GUIDE.     For 

Hotels,    Restaurants,  and  the  Trade   in   general,   adapted  also  lor    Family    Use. 
By  R.  Wells,  Author  of  '*  The  Bread  and  Biscuit  Baker."     Crown  8vo,  2s.  cloth. 
•'  We  cannot  speak  too  highly  of  this  really  excellent  work.     In  these  days  ot  keen  competition 
our  readers  cannot  do  better  than  purchase  this  book." — Baker's  Times. 

Ornamental  Confectionery. 

ORNAMENTAL  CONFECTIONERY:  A  Guide  for  Bakers,  Con- 
fectioners and  Pastrycooks  ;  including  a  Variety  of  Modern  Recipes,  and  Remarks 
on  Decorative  and  Coloured  Work.  With  129  Original  Designs.  By  Robert 
Wells.  Second  Edition.  Crown  Svo,  5^.  cloth. 
"  A  valuable  work,  practical,  and  should  be  in  the  hands  of  every  baker  and  confectioner.  The 
illustrative  designs  are  alone  worth  treble  the  amount  charged  for  the  whole  work."— Baker's  Times. 

flour  Confectionery. 

THE  MODERN  FLOUR  CONFECTIONER,  Wholesale  and  Re 

tail.     Containing  a  large  Collection  of  Recipes  for  Cheap   Cakes,   Biscuits,  &c. 
With    Remarks  on  the  Ingredients  Used    in    their   Manufacture.       By  Robert 
Wells.  Author  of  **  The  Bread  and  Biscuit  Baker,"  &c.     Crown  Svo,  2s.  cloth. 
"The  work  is  of  a  decidedly  practical  character,  and  in  every  recipe  regard  is  had  to  economical 
working." — North  British  Daily  Mail. 

Laundry  Work. 

LAUNDRY  MANAGEMENT.    A  Handbook  for  Use  in  Private  and 

Pul)lic  Laundries.     By  the  Editor  of  "  The  Laundry  Journal."     Third  Edition. 
Crown  Svo,  2s.  cloth. 
"This  book  should  certainly  occupy  an  honoured  place  on  the  shelves  of  all  housekeepers  who 
wish  to  keep  themselves  au  courant  of  the  newest  appliances  and  methods."— The  Queen, 
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HANDYBOOKS    FOR     HANDICRAFTS. 

BY   PAUL   N.    HASLUCK, 
Editor  ol  "  Work"  (New  Series),  Author  of  "  Lathe  Work,"  "  Milling  Machines,"  &c. 

Crown  8vo,  144  pages,  cloth,  pi-ice  \s.  each. 

IS"  These  Handybooks  have  been  zvj-itten  to  supply  information  for  WORKMEN, 
Students,  and  Amateurs  in  the  several  Handicrafts,  on  the  actual  Practice  of  the 
Workshop,  and  are  intended  to  convey  in  plain  language  Technical  Knowledge  of 
the  several  Crafts.  In  describing  the  processes  e7nployed,  and  the  vianipidation  of 
material,  workshop  terms  are  used ;  workshop  practice  is  fully  explained  ;  and  the  text  is 
freely  illustrated  with  drazuings  of  tnoder^i  tools^  appliances,  and  processes. 


THE  METAL  TURNER'S   HANDYBOOK.      A  Practical  Manual  for 
Workers  at  the  Foot-Lathe.     With  over  100  Illustrations.     Price  i.c 
"  The  book  will  be  of  service  alike  to  the  amateur  and  the  artisan  turner.    It  displays  thorough 
knowledge  of  the  subject."— 5cofs»i<i«. 

THE   WOOD  TURNER'S  HANDYBOOK.      A  Practical  Manual  for 

Workers  at  the  Lathe.     With  over  100  Illustrations.     Price  \s, 
"  We  recommend  the  book  to  young  turners  and  amateurs.     A  multitude  of  workmen  have  hitherto 
sought  in  vain  for  a  manual  of  this  special  industry." — Mechanical  World. 

THE  WATCH  JOBBER'S   HANDYBOOK.      A  Practical  Manual  on 

Cleaning,  Repairing,  and  Adjusting.     With  upwards  of  100  Illustrations.     Price  \s. 
"  We  strongly  advise  all  young  persons  connected  with  the  watch  trade  to  acquire  and  study  this 
inexpensive  vfor\i."—ClerkenweU  Chronicle. 

THE  PATTERN  MAKER'S   HANDYBOOK.    A  Practical  Manual  on 

the  Construction  of  Patterns  for  Founders.     With  upwards  of  lOO  Illustrations,    is. 
"  A  most  valuable,  if  not  indispensable,  manual  for  the  pattern  maker." — Knowledge. 

THE    MECHANIC'S    WORKSHOP    HANDYBOOK.      A    Practical 

Manual  on  Mechanical  Manipulition,  embracing  Information  on  various  Handicraft 
Processes.     With  Useful  Notes  and  Miscellaneous  Memoranda.    Comprising  about 
200  Subjects.     Price  is. 
"A  very  clever  and  useful  book,  which  should  be  found  in  every  workshop;  and  it  should  cer- 
tainly find  a  place  in  all  technical  schools."— Saturday  Review. 

THE  MODEL  ENGINEER'S  HANDYBOOK.    A  Practical  Manual  on 

the  Construction  of  Model  Steam  Engines.     With  upwards  of  100  Illustrations,     is. 
"  Mr.  Hasluck  has  produced  a  very  good  little  book." — Builder. 

THE    CLOCK    JOBBER'S    HANDYBOOK.     A  Practical  Manual  on 
Cleaning,  Repairmg,  and  Adjusting.     With  upwards  of  100  Illustrations.     Price  is. 
"  It  is  of  inestimable  service  to  those  commencing  the  trade."— Coventry  Standard, 

THE  CABINET  WORKER'S   HANDYBOOK.      A  Practical  Manual 

on  the  Tools,  Materials,   Appliances,  and  Processes  employed  in  Cabinet  Work. 
With  upwards  of  100  Illustrations.     Price  is. 

"Mr.  Hasluck's  thoroughgoing  little  Handybook  is  amongst  the  most  practical  guides  we  have 
been  for  beginners  in  cabinet-work."— S^^Mydav  Review. 

THE  WOODWORKER'S  HANDYBOOK  OF  MANUAL  IN- 
STRUCTION. Embracing  Information  on  the  Tools,  Materials,  Appliances  and 
Processes  Employed  in  Woodworking.     With  104  Illustrations.     Price  is. 


Opinions  of  the  Press. 

"  Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  but  how  to  do  it, 
and  how  to  convey  his  knowledge  to  others." — Engineering. 

"  Mr.  Hasluck  writes  admirably,  and  gives  complete  instructions." — Engineer. 

"  Mr.  Hasluck  combines  the  experience  of  a  practical  teacher  with  the  manipulative 
skill  and  scientific  knowledge  of  processes  of  the  trained  mechanician,  and  the  manuals 
are  marvels  of  what  can  be  produced  at  a  popular  price." — Schoolmaster. 

"  Helpful  to  workmen  of  all  ages  and  degrees  of  experience." — Daily  Chronicle. 

"  Practical,  sensible,  and  remarkably  cheap." — journal  0/  Education. 

"Concise,  clear,  and  practical." — Saturday  Review. 
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COMMERCE,  COUNTING-HOUSE   WORK,  TABLES,  etc. 
Commercial  Education. 

LESSONS  IN  COMMERCE.     By  Professor  R.  Gambaro,  of  the 

Royal  High  Commercial  School  at  Genoa.     Edited  and  Revised  by  James  Gault, 
Professor  of  Commerce  and  Commercial  Law  in  King's  College,  London.     Second 
Edition,  Revised.     Crown  8vo,  3^.  6d.  cloth. 
"The  publishers  of  this  work  have  rendered  considerable  service  to  the  cause  of  commercial  educa- 
tion by  the  opportune  production  of  this  volume.     .     .     .     The  work'is  peculiarly  acceptable  to  English 
readers  and  an  admirable  addition  to  existing  class  books.     In  a  phrase,  we  think  the  work  attains  its 
object  in  furnishing  a  brief  account  of  those  laws  and  customs  of  British  trade  with  which  the  commer- 
cial man  interested  therein  should  be  familiar." — Chamber  of  Commerce  Journal. 

"  An  invaluable  guide  in  the  hands  of  those  who  are  preparing  for  a  commercial  career,  and,  in  fact 
the  information  it  contains  on  matters  of  business  should  be  impressed  on  every  one." — Counting  House. 

Foreign  Commercial  Correspondence. 

THE    FOREIGN    COMMERCIAL  CORRESPONDENT:    Being 

Aids  to  Commercial  Correspondence  in  Five  Languages— English,  French,  German, 
Italian,  and  Spanish.  By  Conrad  E.  Baker.  Second  Edition.  Cr.  8vo,  3^.  6d.  cl. 
"  Whoever  wishes  to  correspond  in  all  the  languages  mentioned  by  Mr.  Baker  cannot  do  better 

than   study  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged.    They 

consist  not  of  entire  specimen  letters,  but— what  are  far  more  useful — short  passages,  sentences,  or 

phrases  expressing  the  same  general  idea  in  various  ioTms."—Athenceum. 

"A  careful  examination  has  convinced  us  that  it  is  unusually  complete,  well  arranged  and 

reliable.    The  book  is  a  thoroughly  good  one." — Schoolmaster. 

Commercial  French, 

A  NEW  BOOK  OF  COMMERCIAL  FRENCH:  Grammar- 
Vocabulary — Correspondence — Commercial  Documents — Geography — Arithmetic 
— Lexicon.  By  P.  CARROUfi,  Professor  in  the  City  High  School  J.— B.  Say 
(Paris).     Crown  8vo,  4^.  6d.  cloth. 

Accounts  for  Manufacturers. 

FACTORY  ACCOUNTS :  Their  Principles  and  Practice.  A  Hand- 
book for  Accountants  and  Manufacturers,  with  Appendices  on  the  Nomenclature  of 
Machine  Details  ;  the  Income  Tax  Acts  ;  the  Rating  of  Factories  ;  Fire  and  Boiler 
Insurance  ;  the  Factory  and  Workshop  Acts,  &c.,  including  also  a  Glossary  of  Terms 
and  a  large  number  of  Specimen  Ruhngs.  By  Emile  Garcke  and  J.  M.  Fells. 
Fourth  Edition,  Revised  and  Enlarged.  Demy  8vo,  250  pages.  6s.  strongly  bound. 
"A  very  interesting  description  of  the  requirements  of  Factory  Accounts.     .     .     .     The  principle  of 

assimilating  the  Factory  Accounts  to  the  general  commercial  books  is  one  which  we  thoroughly    agree 

with." — Accountants'  Journal. 

"  Characterised  by  extreme  thoroughness.      There  are   few  owners  of   factories   who   would  not 

derive  great  benefit  from  the  perusal  of  this  most  admirable  work." — Local  Government  Chronicle. 

Modern  Metrical  Units  and  Systems. 

MODERN  METROLOGY :   A  Manual  of  the  Metrical  Units  and 

Systems  of  the  present  Century.   With  an  Appendix  containing  a  proposed  English 
System.     By  Lovvis  D'A.  Jackson,  A.-M.  Inst.  C.E.,  Author  of  "Aid  to  Survey 
Practice,"  &c.     Large  crown  8vo,  12s.  6d.  cloth. 
"  We  recommend  the  work  to  all  interested  in  the  practical  reform  of  our  weights  and  measures." 

Nature, 

The  Metric  System  and  the  British  Standards. 

A  SERIES   OF  METRIC  TABLES,  in  which  the  British  Standard 

Measures  and  Weights  are  compared  with  those  of  the  Metric  System  at  present  in 

Use  on  the  Continent.     By  C.  H.  Dowling,  C.E.     8vo,  los.  6d.  strongly  bound. 

"  Mr.  Dowling's  Tables  are  well  put  together  as  a  ready  reckoner  for  the  conversion  of  one  system 

into  the  other." — Athe7iaiU}n. 

Iron  and  Metal  Trades'  Calculator. 

THE  IRON  AND  METAL  TRADES'  COMPANION:  For  ex- 
peditiously a.scertaining  the  Value  of  any  Goods  bought  or  sold  by  Weight,  from 
is.  per  cwt.  to  ii2.f.  per  cwt.,  and  from  one  farthing  per  pound  to  one  shilling  per 
pound.     By  Tho.mas  Downie.     Strongly  bound  in  leather,  396  pp.,  ()s. 

"A  most  useful  set  of  tables,  nothing  like  them  before  existed." — Building  News. 

"Although  specially  adapted  to  the  iron  and  metal  trades,  the  tables  will  be  found  useful  in  every 
other  business  in  which  merchandise  is  bought  and  sold  by  wcxghl."  —  Railway  News. 
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Chadwich's  Calculator  for  Numbers  and  Weights  Combined. 

THE  NUMBER,  WEIGHT,  &  FRACTIONAL  CALCULATOR. 

Containing  upwards  of  250,000  Separate  Calculations,  showing  at  a  glance  the  value 
at  422  ditiferent  rates,  ranging  from  xi^th  of  a  Penny  to  20^.  each,  or  per  cwt.,  and 
^20  per  ton,  of  any  number  of  articles  consecutively,  from  i  to  470. — Any  number 
of  cwts.,  qrs.,  and  lbs.,  from  i  cwt.  to  470  cwts. — Any  number  of  tons,  cwts.,  qrs., 
and  lbs.,  from  I  to   i,ooo  tons.     By  William  Chadwick,   Public  Accountant. 
Third  Edition,  Revised  and  Improved.     8vo,  i8j.  strongly  bound. 
"  It  is  as  easy  of  reference  for  any  answer  or  any  number  of  answers   as  a  dictionary.     For  making 
up  accounts  pr  estimates  the  book  must  prove  invaluable  to  all  who  have   any  considerable  quantity  of 
calculations  involving  price  and  measure  in  any  combination  to  do." — Engineer, 
"  The  most  perfect  work  of  the  kind  yet  prepared." — Glasgmv  Herald. 

Harben's  Comprehensive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR:  Being  a  Series  of  Tables  upon 
a  New  and  Comprehensive  Plan,  exhibiting  at  one  Reference  the  exact  Value  of  any 
Weight  from  I  lb.  to  15  tons,  at  300  Progressive  Rates,  from  id.  to  i68j-.  per  cwt., 
and  containing  186,000  Direct  Answers,  which,  with  their  Combinations,  consisting 
of  a  single  addition  (mostly  to  be  performed  at  sight),  will  affbrd  an  aggregate  of 
10,266,000  Answers  ;  the  whole  being  calculated  and  designed  to  ensure  correct- 
ness and  promote  despatch.  By  Henry  Harben,  Accountant.  Fifth  Edition, 
carefully  corrected.  Royal  8vo,  strongly  half- bound,  ;,{^i  5^. 
"  A  practical  and  useful  work  of  reference  for  men  of  business  generally." — Ironmonger.  [  Pendent, 
*'  Of  priceless  value  to  business  men.  It  is  a  necessary  book  in  all  mercantile  offices." — Sheffield  Inde- 

Harben's  Comprehensive  Discount  Guide. 

THE  DISCOUNT  GUIDE.  Comprising  several  Series  of  Tables 
for  the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others,  by  which  may  be 
ascertained  the  exact  Profit  arising  from  any  mode  of  using  Discounts,  either  in  the 
Purchase  or  Sale  of  Goods,  and  the  method  of  either  Altering  a  Rate  of  Discount^ 
or  Advancing  a  Price,  so  as  to  produce,  by  one  operation,  a  sum  that  will  realise  any 
required  profit  after  allowing  one  or  more  Discounts :  to  which  are  added  Tables  of 
Profit  or  Advance  from  i^  to  90  per  cent.,  Tables  of  Discount  from  ij  to  98^  per 
cent.,  and  Tables  of  Commission,  &c.,  from  I  to  10  per  cent.  By  Henry  Harben, 
Accountant.  New  Edition,  Corrected.  Demy  8vo,  ;^i  5 j.  half- bound. 
"A  book  such  as  this  can  only  be  appreciated  by  business  men,  to  whom  the  saving  of  time  means 

saving  of  money.      The  work  must  prove  of  great  value  to  merchants,   manufacturers,  and  general 

traders." — British  Ttade  Journal. 

A  New  Series  of  Calculators. 

DIRECT  CALCULATORS:    A  Series  of  Tables  and  Calculations 

varied  in  arrangement  to  suit  the  needs  of  Particular  Trades.  By  M.  B.  CoTS- 
WORTH.  The  Series  comprises  13  distinct  books,  at  prices  ranging  from  2s.  6d. 
to  10s.  6d.     (Detailed  prospectus  on  application). 

New  Wages  Calculator. 

TABLES   OF  WAGES  at  54,   52,  50  and  48  Hours  per  Week. 

Showing  the  Amounts  of  Wages  from  One-quarter-of-an-hour  to  Sixty-four  hours 
in  each  case  at  Rates  of  Wages  advancing  by  One  Shilling  from  /^s.  to  55^.  per 
week.     By  Thos.  Garbutt,  Accountant.     Square  crown  8vo,  6s.  half-bound. 

Iron  Shipbuilders'  and  Merchants'  Weight  Tables. 

IRON  =  PLATE  WEIGHT  TABLES:  For  Iron  Shipbuilders, 
Engineers,  and  Iron  Merchants.  Containing  the  Calculated  Weights  of  upwards 
of  150,000  different  sizes  of  Iron  Plates  from  i  foot  by  6  in.  by  i  in.  to  10  feet  by 
5  feet  by  i  in.  Worked  out  on  the  basis  of  40  lbs.  to  the  square  foot  of  Iron  of  i 
inch  in  thickness.     By  H.  Burlinson  and  W.  H.  Simpson.    4to,  25^.  half-bound 

Tables  for  Actuaries. 

MATHEMATICAL  TABLES  (ACTUARIAL).  Comprising 
Commutation  and  Conversion  Tables,  Logarithms,  Cologarithms,  Antilogarithms 
and  Reciprocals.  By  J.  W.  Gordon.  Royal  8vo,  mounted  on  canvas,  in  cloth 
case,  5^.  {Just  published. 


AGRICULTURE,  FARMING,  GARDENING,  ^c.  43 

AGRICULTURE,  FARMING,  GARDENING,  etc. 

Dr.  Fream's  New  Edition  of  "  The  Standard  Treatise  on  Agriculture." 
THE  COMPLETE  GRAZIER  AND  FARMER'S  AND  CATTLE 

BREEDER'S  ASSISTANT:  A  Compendium  of  Husbandry.  Originally 
Written  by  William  Youatt.  Thirteenth  Edition,  entirely  Re-written,  con- 
siderably Enlarged,  and  brought  up  to  the  Present  Requirements  of  Agricultural 
Practice,  by  William  Fream,  LL.D.,  Steven  Lecturer  in  the  University  of  Edin- 
burgh, Author  of  "The  Elements  of  Agriculture, "  &c.  Royal  8vo,  1,100  pp.,  with 
over  450  Illustrations.     Price  £1  lis.  6d.  strongly  and  handsomely  bound. 

Extract  from  Publishers'  Advertisement. 

"  A  treatise  that  made  its  original  appearance  in  the  first  decade  of  the  century,  and  th^t  enters 
upon  its  Thirteenth  edition  before  the  century  has  run  its  course,  has  undoubtedly  established  its 
position  as  a  work  of  permanent  value.  .  .  .  The  phenomenal  progress  of  the  last  dozen  years 
in  the  Practice  and  Science  of  Farming  has  rendered  it  necessary,  however,  that  the  volume  should 
be  re-written,  .  .  .  and  for  this  undertaking  the  Publishers  were  fortunate  enough  to  secure  the 
services  of  Dr.  Fream,  whose  high  attainments  in  all  matters  pertaining  to  agriculture  have  been 
so  emphatically  recognised  by  the  highest  professional  and  ofhcial  authorities.  In  carrying  out  his 
editorial  duties,  Dr.^FREAM 'has  been  favoured  with  valuable  contributions  by  Prof.  J.  Wortley 
Axe,  Mr.  E.  Brown,  Dr.  Bernard  Dyer,  Mr.  W.  J.  Malden,  Mr.  R.  H.  Rew,  Prof.  Sheldon,  Mr. 
J.  Sinclair,  Mr.  Sanders  Spencer,  and  others. 

"  As  regards  the  illustrations  of  the  work,  no  pains  have  been  spared  to  make  them  as  repre- 
sentative and  characteristic  as  possible,  so  as  to  be  practically  useful  to  the  Farmer  and  Grazier." 

Summary  of  Contents. 

Book  I.   On  the  Varieties,  Breeding,  Rear-  1  Book  VII,    On  the  Breeding,  Rearing,  and 

iNG,  Fattening  AND  Management  of  Cattle.  '  Management  of  Poultry. 

Book  II.    On  the  Economy  and  Management  '  Book  VIII,     On    Farm    Offices    and   Imple- 

OF  THE  Dairy,  j  ments  of  Husbandry, 

Book  III.    On   the  Breeding,  Rearing,  and  j  Book   IX.     On    the    Culture  and   Manage- 

Management  of  Horses.  ment  of  Grass  Lands. 

Book  IV.    On   the   Breeding,   Rearing,  and  1  Book  X.    On  the  Cultivation  and  Applica- 

Fattening  of  Sheep.  '  tion  of  Grasses,  Pulse  and  Roots. 

Book  V.     On    the   Breeding,  Rearing,  and  Book   XI.     On    Manures    and    their    Appli- 

Fattening  of  Swine.  I  cation  to  Grass  Land  and  Crops. 

Book  VI.   On  the  Diseases  of  Live  Stock.  i  Book  XII.  Monthly  Calendars  of  Farmwork. 

*^*  Opinions  of  the  Press  on  the  New  Edition. 

"  Dr.  Fream  is  to  be  congratulated  on  the  successful  attempt  he  has  made  to  give  us  a  work 
which  will  at  once  become  the  standard  classic  of  the  farm  practice  of  the  country.  We  believe  that 
it  will  be  found  that  it  has  no  compeer  among  the  many  works  at  present  in  existence.  .  .  .  The 
illustrations  are  admirable,  while  the  frontispiece,  which  represents  the  well-known  bull,  New  Year's 
Gift,  bred  by  the  Queen,  is  a  work  of  art." — The  Times. 

"  The  book  must  be  recognised  as  occupying  the  proud  position  of  the  most  exhaustive  work  of 
reference  in  the  English  language  on  the  subject  with  which  it  dea.\s."—Athenc£um. 

"  The  most  comprehensive  guide  to  modern  farm  practice  that  exists  in  the  English  language 
to-day.  ,  ,  .  The  book  is  one  that  ought  to  be  on  every  farm  and  in  the  library  of  every  land 
owner." — Mark  Lane  Express. 

"  In  point  of  exhaustiveness  and  accuracy  the  work  will  certainly  hold  a  pre-eminent  and  unique 
position  among  books  dealing  with  scientihc  agricultural  practice.  It  is,  in  fact,  an  agricultural 
library  of  itself."— A'or//i  British  Agriculturist. 

"  A  compendium  of  authoritative  and  well-ordered  knowledge  on  every  conceivable  branch  of 
the  work  of  the  live  stock  farmer;  probably  without  an  equal  in  this  or  any  other  country."— Foj-ft- 
shire  Post. 

"The  best  and  brightest  guide  to  the  practice  of  husbandry  :  one  that  has  no  superior — no  equal 
we  might  truly  say — among  the  agricultural  literature  now  before  the  public.  ...  In  every  section 
in  which  we  have  tested  it,  the  work  has  been  found  thoroughly  up  to  da.iQ."— Bell's  Weekly  Mes- 
senger. 

British  Farm  Liue  Stock. 

FARM    LIVE    STOCK    OF    GREAT    BRITAIN.      By    Robert 

Wallace,  F.L.S.,   F.R.S.E,,  &c.,   Professor  of  Agriculture  and  Rural   Economy 
in  the   University   of  Edinburgh.     Third    Edition,   thoroughly    Revi.sed  and  con- 
siderably   Enlarged.       With  over  120  Phototypes   of    Prize    Stock.      Demy   8vo, 
384  pp.,  with  79  Plates  and  Maps.     Price  12s.  6d.,  cloth. 
"  A  really  complete  work  on  the  history,  breeds,  and  management  of  the  farm  stock  of  Great 

Britain,  and  one  which  is  likely  to  find  its  way  to  the  shelves  of   every  country  gentleman's 

library.'"— T/ie  Times. 

"The  latest  edition  of  '  Farm  Live  Stock  of  Great  Britain  '  is  a  production  to  be  proud  of,  and 

its  issue  not  the  least  of  the  services  which  its  author  has  rendered  to  agricultural  science."— 

Scottish  Farmer. 

"  The  book  is  very  attractive,  ,  .  .  and  we  can  scarcely  imagine  the  existence  of  a  farmer  who 
would  not  like  to  have  a  copy  of  this  beautiful  and  useful  work"— Mark  Lane  Express. 

"  A  work  which  will  long  bo  regarded  as  a  standard  authority  whenever  a  concise  history  and 
description  of  the  breeds  of  live  stock  in  the  British  Isles  is  required."— Z^f//'i  Week/y  Messenger. 
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Dairy  Farming. 

BRITISH    DAIRYING  :    A  Handy  Volume  on  the   Work  of    the 

Dairy- Farm.     For  the  Use  of  Technical   Instruction  Classes,  Students  in  Agri- 
cultural Colleges  and   the  Working  Dairy-Farmer.      By   Prof.   J.   P.   Sheldon, 
With  Illusts.     Second  Edition,  Revised.     Crown  8vo,  2-r.  6d.  cloth,  \jfust published. 
"Confidently  recommended  as  a  useful  text-book  on  dairy  farming.  — Agricultural  Gazette. 
"  Probably  the  best  half-crown  manual  on  dairy  work  that  has  yet  been  produced." — North 
British  Agriculturist.      "  It  is  the  soundest  little  work  we  have  yet  seen  on  the  subject."— r/te  Times. 

Dairy  IVIanual. 

MILK,  CHEESE,  AND  BUTTER:  A  Practical  Handbook  on 
their  Properties  and  the  Processes  of  their  Production.  Including  a  Chapter  on 
Cream  and  the  Methods  of  its  Separation  from  Milk.  By  John  Oliver,  late 
Principal  of  the  Western  Dairy  Institute,  Berkeley.  With  Coloured  Plates  and 
200  Illustrations.  Crown  8vo,  7.?.  6d.  cloth. 
"  An  exhaustive  and  masterly  production.     It  may  be  cordially  recommended  to  all  students  and 

practitioners  of  dairy  science." — N.B.  Agriculturist. 

"  We  recommend  this  very  comprehensive  and  carefully-written  book  to  dairy-farmers  and  students 

of  dairying.     It  is  a  distinct  acquisition  to  the  library  of  the  3L^r\(:.Vi\X.wr\h\..''  —Agricttltural  Gazette. 

Agricultural  Facts  and  Figures. 

NOTE-BOOK  OF  AGRICULTURAL  FACTS   AND  FIGURES 
FOR  FARMERS  AND  FARM  STUDENTS.     By  Primrose  McConnell, 
B.Sc.     Fifth  Edition.     Royal  32mo,  roan,  gilt  edges,  with  band,  4^. 
"  Literally  teems  with  information  and  we  can  cordially  recommend  it  to  all  connected  with 

agriculture."— A'ori/i  British  Agriculturist. 

Small  Farming. 

SYSTEMATIC  SMALL  FARMING  ;  or,  The  Lessons  of  my  Farm. 
Being  an  Introduction  to  Modern  Farm  Practice  for  Small  Farmers.     By  R.  Scott 
Burn,  Author  of  "  Outlines  of  Modern  Farming,"  &c.     Crown  8vo,  6i-.  cloth. 
"This  is  the  completest  book  of  its  class  we  have  seen,  and  one  which  every  amateur  farmer  will 
read  with  pleasure,  and  accept  as  a  guide," — Field. 

Modern  Farming. 

OUTLINES  OF  MODERN  FARMING.   By  R.  Scott  Burn.   Soils, 

Manures,  and  Crops — Farming  and  Farming  Economy — Cattle,  Sheep,  and  Horses — 
Management  of  Dairy,  Pigs,  and  Poultry — Utilization  of  Town-Sewage,  Irrigation, 
«&:c.     Sixth  Edition.     In  one  vol.,  1,250  pp.,  half-bound,  profusely  Illustrated,  12s. 

Agricultural  Engineering. 

FARM  ENGINEERING,  THE  COMPLETE  TEXT- BOOK  OF. 

Comprising    Draining    and    Embanking ;    Irrigation    and   Water  Supply ;     Farm 
Roads,  Fences  and  Gates  ;  Farm  Buildings;  Barn  Implements  and  Machines  ;  Field 
Implements  and  Machines  ;  Agricultural  Surveying,  &;c.  By  Professor  John  Scott. 
In  one  vol.,  1,150  pages,  half-bound,  with  over  600  Illustrations,  12s. 
"Written  with  great  care,  as  well  as  with  knowledge  and  ability.     The  author  has  done  his  work 

well ;  we  have  found  him  a  very  trustworthy  guide  wherever  we  have  tested  his  statements.   The  volume 

will  be  of  great  value  to  agricultural  students." — Mark  Lane  Express. 

Agricultural  Text-Book. 

THE  FIELDS  OF  GREAT  BRITAIN:  A  Text- Book  of  Agricul- 
ture. Adapted  to  the  Syllabus  of  the  Science  and  Art  Department.  For  Elementary 
and  Advanced  Students.  By  Hugh  Clements  (Board  of  Trade).  Second 
Edition,  Revised,  with  Additions.  i8mo,  2s.  6d.  cloth, 
"  It  is  a  long  time  since  we  have  seen  a  book  which  has  pleased  us  more,  or  which  contains  such  a 
vast  and  useful  fund  of  knowledge." — Educational  Times. 

Tables  for  Farmers,  &c. 

TABLES  AND  MEMORANDA  FOR  FARMERS,  GRAZIERS, 

Agricultural   Students,  Surveyors,  Land  Agents,  Auctioneers,    &c.     With  a  New 
System  of  Farm  Book-keeping.     By  Sidney  Francis.     Third  Edition,  Revised. 
272  pp.,  waistcoat-pocket  size,  limp  leather,  is.  6d. 
"Weighing  less  than  i  oz.,  and  occupying  no  more  space  than  a  match  box,  it  contains  a  mass  ot 
facts  and  calculations  which  has  never  beiore,  in  such  handy  form,  been  obtainable.    Every  opera- 
tion on  the  farm  is  dealt  with.    The  work  may  be  taken  as  thoroughly  accurate,  the  whole  of  the 
tables  having  been  revised  by  Dr.  Fream,    We  cordially  recommend  it." — Bell's  Weekly  Messenger. 
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Agricultural  Experiments. 

THE  ROTHAMSTED  EXPERIMENTS  and  their  Practical  Les- 
sons for  Farjxeis.  Part  I.  STOCK.  Part  II.  Crops.  By  C.  J.  R.  Tipper.  Crown 
8vo,  3^.  6d.  cloth.  \Jttst published. 

Artificial  Manures  and  Foods. 

FERTILISERS  AND  FEEDING  STUFFS:  Their  Properties  and 
Uses.  A  Handbook  for  the  Practical  Farmer.  By  Bernard  Dyer,  D.Sc.  (Lond.). 
With  the  Text  of  the  Fertilisers  and  Feeding  Stuffs  Act  of  1893,  &c.  Second 
Edition,  Revised.     Crown  8vo,  is.  cloth.  \yust published. 

The  Management  of  Bees. 

BEES  FOR  PLEASURE  AND  PROFIT:  Guide  to  the  Manipula- 
tion of  Bees,  the  Production  of  Honey,  and  the  General  Management  of  the  Apiary. 
By  G.  Gordon  Samson.     With  numerous  Illusirations.     Crown  8vo,   is.  cloth. 

Farm  and  Estate  Book-keeping. 

BOOK-KEEPING  FOR  FARMERS  AND  ESTATE  OWNERS. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adaoted  for  all  Classes  of 
Farms.     By  Johnson  M.   Woodman,   Chartered  Accountant.     Second  Edition, 
Revised.     Crown  8vo,  y.  6d.  cloth  boards  ;  or,  2s.  6d.  cloth  limp. 
"The  volume  is  a  capital  study  of  a  most  important  subject." — Agriciiltural  Gazette. 

Farm  Account  Book. 

WOODMAN'S   YEARLY  FARM    ACCOUNT    BOOK.      Giving 

Weekly  Labour  Account  and  Diary,  and  showing  the  Income  and  Expenditure  under 
each  Department  of  Crops,  Live  Stock,  Dairy,  &c.  &c.     With  Valuation,  Profit  and 
Loss  Account,  and  Balance  Sheet  at  the  end  of  the  Year.     By  Johnson  M.  Wood- 
man, Chartered  Accountant.     Second  Edition,     Folio,  half-bound,  7^-.  6d.  net. 
"  Contains  every  requisite  form  for  keeping  farm  accounts  readily  and  accurately." — Agriculture. 

Early  Fruits,  Flowers  and  Vegetables. 

THE  FORCING-GARDEN;  or,  How  to  Grow  Early  Fruits,  Flowers, 
and  Vegetables.     With   Plans   and   Estimates  for  Building  Glasshouses,   Pits   and 
Frames.     With  Illustrations.     By  Samufl  Wood.     Crown  8vo,  3 v.  6d.  cloth, 
"  A  good  book,  containing  a  great  deal  of  valuable  teaching." — Gardeners  Magazine. 

Good  Gardening. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING;    or,  How  to  Grow 

Vegetables,  Fruits,  and  Flowers.     By  S.  Wood.     Fourth  Edition,  with  considerable 
Additions,  &c.,  and  numerous  Illustrations.     Crown  8vo,  3^-.  6d.  cloth. 
"A  very  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide.    The  practical  direc- 
tions are  excellent." — AthencEuin. 

Gainful  Gardening, 

MULTUM-IN-PARVO   GARDENING;    or,  How  to   make  One 

Acre  of  Land  produce  ;^620  a-year,  by  the  Cultivation  of  Fruits  and  Vegetables  ; 
also,  How  to  Grow  Flowers  in  Three  Glass  Houses,  so  as  to  realise  £i'j6  per  annum 
clear  Profit.  By  Samuel  Wood,  Author  of  "Good  Gardening,"  &c.  Fifth  and 
Cheaper  Edition,  revised,  with  Additions.  Crown  8vo,  is.  sewed. 
"  We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and  gentleman's  gar- 
dener, but  to  the  market  grower." — Gardeners'  Majiazitie. 

Gardening  for  Ladies. 

THE   LADIES'    MULTUM-IN-PARVO   FLOWER    GARDEN, 

and  Amateur's  Complete  Guide,     By  S.  Wood.     Crown  8vo,  3^.  6d.  cloth. 
"  Full  of  shrewd  hints  and  useful  instructions,  based  on  a  lifetime  of  experience." — Scots/Kan, 

Cultivation  of  the  Potato. 

POTATOES  :  How  to  Grow  and  Show  Them.  A  Practical  Guide  to 
the  Cultivation  and  General  Treatment  of  the  Potato.     By  J.  Pink.     Ct.  8vo,  2s. 

Market  Gardening. 

MARKET   AND    KITCHEN   GARDENING.      By  C.  W.   Shaw, 

late  Editor  of  "Gardening  Illustrated."     t,s.  6d.  cloth. 
*'  The  most  valuable  compendium  of  kitchen  and  market-garden  work  published." — Farmer. 
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AUCTIONEERING,    VALUING,    LAND    SURVEYING, 
ESTATE   AGENCY,  etc. 

Auctioneer's  Assistant. 

THE     APPRAISER,    AUCTIONEER,      BROKER,    House   and 

Estate  Agent  and  Valuer's  Pocket  Assistant,  for  the  Valuation  for  Purchase,  Sale, 
or  Renewal  of  Leases,  Annuities  and  Reversions,  and  of  property  generally  ;  with 
Prices  for  Inventories,  &c.  By  John  Wheeler,  Valuer,  &c.  Sixth  Edition,  Re- 
written and  greatly  Extended  by  C.  NoRRls,  Surveyor,  Valuer,  &c.  Royal  32mo, 
Ss.  cloth. 
"A  neat  and  concise  book  of  reference,  containing  an  admirable  aad  clearly-arranared  list  of  prices 

for  inventories,  and  a  very  practical  guide  to  determine  the  value  of  furniture,  &c." — Standard. 

"Contains  a  large  quantity  of  varied  and  useful  information  as  to  the  valuation  for  purchase,  sale,  or 

renewal  of  leases,  annuities  and  reversions,  and  of  property  generally,  with  prices  for  inventories,  and  a 

guide  to  determine  the  value  of  interior  fittings  and  other  effects." — Builder. 

Auctioneering. 

AUCTIONEERS:    THEIR   DUTIES   AND    LIABILITIES.     A 

Manual  of  Instruction  and  Counsel  for  the  Young  Auctioneer.    By  Robert  Squibbs, 
Auctioneer.    Second  Edition,  Revised  and  partly  Re-writlen.    Demy  Svo,  I2s.  (>d.  cl. 
"The  standard  text-book  on  the  topics  of  which  it  treats." — Athenceum. 

"  The  work  is  one  of  general  excellent  character,  and  gives  much  inlormation  in  a  coiipendious 
and  saf'sfactory  iorm." — Builder. 

"  May  be  recommended  as  giving  a  great  deal  of  iaformation  on  the  law  relating  to  auctioneers, 
in  a  vtry  readable  Iorm." — Law  Journal. 

"Auctioneers  may  be  congratulated  on  having  so  pleasing  a  writer  to  minister  to  their  special 
needs."— 6'o/tctfors'  Journal. 

Inwood's  Estate  Tables. 

TABLES   FOR  THE  PURCHASING  OF  ESTATES,  Freehold, 

Copyhold,  or  Leasehold  ;  Annuities,  Advowsons,  &c. ,  and  for  the  Renewing  of 
Leases  held  under  Cathedral  Churches,  Colleges,  or  other  Corporate  bodies,  for 
Terms  of  Years  certain,  and  for  Lives  ;  also  for  V^aluing  Reversionary  Estates,  De- 
ferred Annuities,  Next  Presentations,  &c.  ;  together  with  SM/VRt's  Five  Tables  of 
Compound  Interest,  and  an  Extension  of  the  same  to  Lower  and  Intermediate  Rates. 
By  W.  INWOOD.  24th  Edition,  with  considerable  Additions,  and  new  and  valu- 
aT^le  Tables  of  Logarithms  for  the  more  Difficult  Computations  of  the  Interest  of 
Money,  Discount,  Annuities,  &c.,  by  M.  Fedor  Thoman,  of  the  Societe  Credit 
Mobilier  of  Paris.  Crown  Svo,  8j,  cloth. 
"Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of  compensation  cases, 

as  well  as  in  transactious  in  annuities,   life  insurances,   &c.,  will  find  the  present  edition  of  eminent 

service." — Engitieeritii^. 

"  '  Inwood's  Tables  '  still  maintain  a  most  enviable  reputation.     The  new  issue  has  been  enriched  by 

large  additional  contributions  by. M.  Fedor  Thoman,  whose  carefully-arranged  Tables  cannot  fail  to  be 

of  the  utmost  utility." — Mini7ig  Jottrnnl. 

Agricultural  Valuer's  Assistant 

THE  AGRICULTURAL  VALUER'S  ASSISTANT.    A  Practical 

Handbook  on  the  Valuation  of  Landed  Estates  ;  including  Rules  and  Data  for 
Measuring  and  Estimating  the  Contents,  Weights  and  Values  of  Agricultural 
Produce  and  Timber,  and  the  Values  of  Feeding  Stuffs,  Manures,  and  Labour  ; 
■with  Forms  of  Tenant-Right  Valuations,  Lists  of  Local  Agricultural  Customs, 
Scales  of  Compensation  under  the  Agricultural  Holdings  Act,  &c.  &c.  By  Tom 
Bright,  Agricultural  Surveyor.  Second  Edition,  Enlarged.  Crown  Svo,  5^.  cloth. 
"  Full  of  tables  and  examples  in  connection  with  the  valuation  of  tenant-right,  estates,  labour,  con- 
tents and  weights  of  timber,  and  farm  produce  of  all  kinds." — Agricultural  Gazette. 

"  An  eminently  practical  handbook,  full  of  practical  tables  and  data  of  uadoubted  interest  and  value 
to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds." — Farmer. 

Plantations  and  Underwoods. 

POLE    PLANTATIONS   AND    UNDERWOODS:      A  Practical 

Handbook  on  Estimating  the  Cost  of  Forming,  Renovating,  Improving,  and  Grubbing 
Plantations  and  Underwoods,  their  Valuation  for  Purposes  of  Transfer,  Rental, 
Sale  or  Assessment.     By  Tom   Bright.     Crown  Svo,  3^-.  6d.  cloth. 

"To  valuers,  toresters  and  agents  it  will  be  a  welcome  aid." — North  British  Agriculturist. 

"  Well  calculated  to  assist  the  valuer  in  the  discharge  of  his  duties,  and  of  undoubted  interest 
and  use  both  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds." — Kent  Herald, 
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Hudson's  Land  Valuer's  Pocket-Booh. 

THE   LAND   VALUER'S   BEST  ASSISTANT  :    Being  Tables  on 
a  very  much  improved  Plan,  for  Calculating  the  Value  of  Estates.     With  Tables  for 
reducing  Scotch,  Irish,  and  Provincial  Customary  Acres  to  Statute  Measure,  &c. 
By  R.  Hudson,  C.E.     New  Edition.     Royal  32mo,  leather,  elastic  band,  ^. 
"  Of  incalculable  value  to  the  country  gentleman  and  professional  man." — Farmers'  journal. 

Ewart's  Land  Improver's  Pocket-Booh. 

THE  LAND  IMPROVER'S  POCKET=BOOK  of  Formulae,  Tables, 
and  Memoranda  required  in  any  Computation  relating  to  the  Permanent  Improve- 
ment of  Landed  Property.    By  John  Ewart,  Surveyor.    Second  Edition,  Revised. 
Royal  32mo,  oblong,  4^-.  leather. 
"A  compendiousand  handy  little  volume." — Spectatof. 

Complete  Agricultural  Surveyor's  Pocket-Book. 

THE  LAND  VALUER'S  and  Land  Improver's  Complete  Pocket- 
Book.     Being  the  above  Two  Works  bound  together,     yj.  6d.  leather. 

House  Property. 

HANDBOOK  OF  HOUSE  PROPERTY:   A  Popular  and  Practical 

Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory  Sale  of  Houses  and 
Land,  including  the  Law  of  Dilapidations  and  Fixtures  :  with  Examples  of  all 
kinds  of  Valuations,  Useful  Information  on  Building  and  Suggestive  Elucidations 
of  Fine  Art.  By  E.  L.  Tarbuck,  Architect  and  Surveyor.  Fifth  Edition, 
Enlarged.     i2mo,  5^.  cloth. 


LAW    AND    MISCELLANEOUS. 

journalism. 

MODERN  JOURNALISM  :  A  Handbook  of  Instruction  and  Counsel 

for   the   Young  Journalist.     By  John    B.    Mackie,    Fellow  of   the  Institute  of 

Journalists.     Crown  8vo,  2s.  cloth. 

"  This  invaluable  guide  to  journalism  is  a  work  which  all  aspirants  to  a  journalistic  career  will  read 
with  advantage."— y^wrwrtZ/j/. 

Private  Bill  Legislation  and  Provisional  Orders. 

HANDBOOK  FOR  THE  USE  OF  SOLICITORS  and  Engineers 

Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provisional  Orders,  for  the 
authorization  of  Railways,  Tramways,  Gas  and  Water  Works,  &c.  By  L.  Living- 
ston Macassey,  of  the  Middle  Temple,  Barrister-at-Law,  M.Inst. C.E.  8vo, 
25s.  cloth. 

Law  of  Patents. 

PATENTS  FOR  INVENTIONS,  and  How  to  Procure  Them. 
Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By  G.  G.  M.  Harding- 
ham,  Assoc.Mem. Inst. C.E,,  &c.     Demy  8vo,  is.  6d.  cloth. 

Labour  Disputes. 

CONCILIATION  AND  ARBITRATION  in  Labour  Disputes  :  A 
Historical  Sketch  and  Brief  Statement  of  the  Present  Position  of  the  Question  at 
Home  and  Abroad.  Bv  J.  S.  Jeans,  Author  of  "England's  Suprernacy,"  «&c. 
Crown  8vo,  200  pp.,  2s.  6d.  cloth. 

Pocket-Book  for  Sanitary  Officials. 

THE  HEALTH  OFFICER'S  POCKET-BOOK:   AGuidetoSani- 

tary  Practice    and   Law.      For   Medical  Officers    of   Health,   Sanitary  Inspectors, 
Members  of   Sanitary  Authorities,  &c.      By  Edward  F.    Willoughby,    M.D* 
(Lend.),  &c.     Fcap.  8vo,  7s.  6d.,  cloth. 
"  A  mine  of  condensed  information  of  a  pertinent  and  useful  kind  on  the  various  subjects  ot 

which  it  treats.     The  matter  seems  to  have  been  carefully  compiled  and  arranged  for  facility  of 

reference,  and  it  is  well  illustrated  bv  diagrams  and  woodcuts.    The  diti'erent  subjects  are  succinctly 

but  fully  and  scientifically  dealt  v/hh."—Tke  Lancet. 

'•  Ought  to  be  welcome  to  those  for  whose  use  it  is  designed,  since  it  practically  bnijs  down  a 

reference  library  into  a  pocket  volume.  ...    It  combines,  witn  an  uncommon  de^jree  of  efficiency 

the  qua'ities  of  accuracy,  conciseness  and  comprehensiveness."— Scofsman. 
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A  Complete  Epitome  of  the  Laws  of  this  Country. 

EVERY  MAN'S  OWN  LAWYER:  A  Handy-Book  of  the  Prin- 
ciples of  Law  and  Equity.  With  a  Concise  Dictionary  of  Legal  Terms.  By  A 
Barrister.  Thirty-fourth  Edition,  carefully  Revised,  and  including  New  Acts  of 
Parliament  of  1896.  Comprising  the  Locomotives  on  Highways  Act,  1896,  amend- 
ing the  law  to  meet  the  case  of  the  New  Motor  Cars  or  Horseless  Carriages  ;  the 
Finance  Act,  1896  ;  the  Agricultural  Rates  Act,  1896  ;  the  Conciliation  Act,  1896 ;  the 
Truck  Act,  1896  ;  the  Light  Railways  Act,  1896  ;  the  Judicial  Trustees  Act,  1 896  ; 
the  Vexatious  Actions  Act,  1896;  the  Wild  Birds  Protection  Act,  1896;  the  Lon- 
don Cab  Act,  1896,  &c.  ytidicial  Decisions  during  the  year  have  also  been  duly 
noted.  Crown  8vo,  750  pp.,  price  ds.  %d.  (saved  at  every  consultation  !),  strongly 
bound  in  cloth.  [J mt published. 

**  *  'J he  Book  will  he  found  to  comprise  (amongst  other  matter)  — 
The  Rights  and  Wrongs  of  Individuals — Landlord  and  Tenant — 
Vendors  and  Purchasers  —  Leases  and  Mortgages  —  Principal  and 
Ag«nt  —  Partnership  and  Companies  —  Masters,  Servants  and  Work- 
men— Contracts  and  Agreements — Borrowers,  Lenders  and  Sureties — 
Sale  and  Purchase  of  Goods  —  Cheques,  Bills  and  Notes  —  Bills  of 
Sale  —  Bankruptcy  —  Railway  and  Shipping  Law —  Life,  Fire,  and 
Marine  Insurance — Accident  and  Fidelity  Insurance— Criminal  Law — 
Parliamentary  Elections  —  County  Councils  —  District  Councils- 
Parish  Councils — Municipal  Corporations — Libel  and  Slander — Public 
Health  and  Nuisances  —  Copyright,  Patents,  Trade  Marks  —  Husband 
AND  Wife  —  Divorce  —  Infancy  —  Custody  of  Children  —  Trustees  and 
Executors  —  Clergy,  Churchwardens,  etc. — Game  Laws  and  Sporting — 
Innkeepers  —  Horses  and  Dogs  —  Taxes  and  Death  Duties  —  Forms  of 
Agreements,  Wills,  Codicils,  Notices,  etc. 

IS"  The  object  of  this  work  is  to  enable  those  who  consult  it  to  help  themselves  to 
the  law  ;  and  thereby  to  dispense,  as  far  as  possible,  with  professional  assistance  and 
advice.  There  are  many  wrongs  and  grievances  which  persons  submit  to  from  time  to 
time  through  not  ktiowing  how  or  where  to  apply  for  redress  ;  and  many  persons  have  as 
great  a  dread  of  a  lawyer's  office  as  of  a  lion's  den.  With  this  book  at  hand  it  is  believed 
that  many  a  SiX-AND-ElGHTPENCE  may  be  saved ;  many  a  wron^  redressed ;  many  a 
right  7-eclaimed ;  many  a  law  suit  avoided;  and  many  an  evil  abated.  The  work  has 
established  itself  as  the  standard  legal  adviser  of  all  classes,  and  has  also  made  a  reputa- 
tion for  itself  as  a  useful  book  of  reference  for  lawyers  residing  at  a  distance  from  law 
libraries,  who  are  glad  to  have  at  hand  a  work  embodying  recent  decisions  and  enactments. 

*^*  Opinions  of  the  Press. 

'•  It  is  a  cnmnlete  code  of  English  Law  written  in  plain  language,  which  all  can  understand.    .     . 
Should  be  in  the  haiiUs  of  every  business  man,  and  all  who  wish  to  abolish  lawyers'  bills." — IVeekly  Times 

**  A  usef'il  and  concise  epitome  of  the  law,  compiled  with  considerable  care." — La7u  3Iagazitie. 

"  A  complete  difjest  of  the  most  useful  facts  which  constitute  English  law." — Globe. 

"This  excellent  handbook.  .  .  .   Admirably  done,  admirably  arranged,  and  admirably  cheap.'* — 
Leeds  Mercury. 

*'  A  concise,  cheap,  and  complete  epitome  of  the  English  law.      So  plainly  written  that  he  who  runs 
may  read,  and  he  who  reads  may  understand." — Figaro. 

"  A  dictionary  of  legal  facts  well  put  together.    The  book  is  a  very  useful  one." — Spectator. 

Legal  Guide  for  Pawnbroliers. 

THE  PAWNBROKERS%  FACTORS',  AND  MERCHANTS' 
GUIDE  TO  THE  LAW  OF  LOANS  AND  PLEDGES.  With  the  Statutes 
and  a  Digest  of  Cases.     By  H.  C.  Folkard,  Barrister-at-Law.     3^-.  6d.  cloth. 

The  Law  of  Contracts. 

LABOUR  CONTRACTS:  A  Popular  Handbook  on  the  Law  of 
Contracts  for  Works  and  Services.  By  David  Gibbons.  Fourth  Edition,  with 
Appendix  of  Statutes  by  T.  F.  Uttley,  Solicitor.    Fcap.  8vo,  3^.  6d.  cloth. 

The  Factory  Acts. 

SUMMARY    OF    THE   FACTORY  AND   WORKSHOP  ACTS 

(1878=1891).  For  the  Use  of  Manufacturers  and  Managers.  By  Emile  Garcke 
and  J.  M.  Fells.     (Reprinted  from  "  Factory  Accounts.")     Cr.  8vo,  6d.  sewed. 
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CIVIL  ENGINEERING  <Sc  SURVEYING. 
Civil  Engineering". 

By  Henry  Law,  M.  Inst.  C.E,      Including  a  Treatise  on  Hydraulic  Engineering 
by  G.  R.  BURNELL,  M.I.C.E.     Seventh  Edition,  revised,  with  Large  Additions  on 
Recent  Practice  by  D.  Kinnear  Clark,  M.  Inst.  C.E.        6/6,  cloth  boards  7/6 
"  An  admirable  volume,  which  we  warmly  recommend  to  young  engineers." — Builder. 

Pioneer  Engineering. 

A  Treatise  on  the  Engineering  Operations  connected  with  the  Settlement  of  Waste 
Lands  in  New  Countries.       By  E.  Dobson,  A.I.C.E.     Second  Edition       ,        .     4/6 
•'Mr.  Dobson  is  familiar  with  the  difficulties  which  have  to  be  overcome  in  this  class  of  work,  and 
much  of  his  advice  will  be  valuable  to  young  engineers  proceeding  to  our  colonies." — Engineering. 

Iron  Bridges  of  Moderate  Span: 

Their  Construction  and  Erection.      By  H.  W.  Pendred.     With  40  illustrations     2/0 
"Students  and  engineers  should  obtain  this  book  for  constant  and  practical  ms.^."— Colliery  Guardian. 

A    Treatise    on    the    Application    of    Iron   to    the 
Construction  of  Bridges,  Roofs,  &  other  Works. 

By  Francis  C ampin,   C.E,      Fourth  Edition  ......     2/6 

'•  For  numbers  of  young  engineers  the  book  is  just  the  cheap,  handy,  first  guide   they   want." — 
Middleshrouzh  Weekly  News.     "  Remarkably  accurate  and  well  written."— .(^••/zian. 

Constructional  Iron    and  Steel  Work, 

As  applied  to  Public,  Private,  and  Domestic  Buildings.   By  Francis  Campin  C.E.     3/6 
"  This  practical  book  may  be  counted  a  most  valuable  -woxV."  —Brii'sh  Architect. 

Tubular  and  other   Iron  Girder  Bridges, 

Describing  the   Britannia  and    Conwav   Tubular   Bridges.      With  a  Sketch  of  Iroa 
Bridges,  6cc.     By  G,  Drysdale    Dempsky.  C.E.     Fourth  Edition  .        ,     2/0 

Materials  and   Construction. 

A  Theoretical  and    Practical    Treatise   on   the    Strains,    Designing,  and   Erection   of 
Works  of  Construction.       By  Francis   Campin.  C.E.      Second  Edition     .     3/0 
"  No  better  exposition  of  the   practical  application  of  the  principles  of  construction  has  yet  beca 
published  to  our  knowledge  in  such  a  cheap  comprehensive  form. '  — Building  News. 

Sanitary  Work  in  Small  Towns  and  Villages. 

By  Charles  Slagg,  Assoc.  M.  Inst.  C.E.     Second  Edition,  Enlarged     .         .     3/0 
"  This  is  a  very  useful  book.     There  is  a  great  deal  of  work  required  to  be  done  in  the  smaller  towns 
and  villages,  and  this  little  volume  will  help  those  who  are  willing  to  do  it." — Builder. 

Construction  of  Roads  and  Streets. 

In  Two  Parrs :    I.   The  Art  of  Constructing  Common  Roads,  by  H.  Law,  C.E., 

Revised    by    D     Kinnear    Clark     C.E.  ;      II.    Recent    Practice:     Including 

Pavements  of  Stone,  Wood,  and  Asphalte.      By  D.  K.  Clark,  C.E.        .        .     4/6 

"  A  book  which  every  borough  surveyor  and  engineer  must  possess,  and  which  will  be  of  considerable 

service  to  architects,  builders,  and  property  owners  generally."— ^wjTrfm^  AVw*. 

Construction   of  Gas  Works, 

And  the  Manufacture  and  Distribution  of  Coal  Gas.     By  S.  Hughes,  C.E.     Re-written 

by  William  Richards.  C.E.      Eighth  PZdiiion  with  important  Additions         .      5/6 
"Will  be  of  infinite  service  alike  to  manufacturers,  di-^tribuiors,  and  consumers." — Foretnan  Engineer. 

Water  Works,  for  the  Supply  of  Cities  and  Towns. 

With  a  Description  of  the  Principal  Geological  Formations  of  England  as  influencing 

Supplies  of  Water.      By  Samuel  Hughes ;     4/0 

"Everyone  who  is  debating  how  his  village,  town,  or  city  shall  be  plentifully  supplied  with  piue 
water  should  read  this   book. — Newcastle  Courant. 

Power  of  Water. 

As  applied  to  drive  Flour  Mills,  and  to  give  motion  to  Turbmes  and  other  Hydrostatic 
Engines.     By  Joseph  Glynn,  F.R.S.,  &c.     Nevvr  Edition.     Illustrated       .        ,     2/0 

Wells  and   W  ell-Smking^. 

By  J.  G.  Swindell,  A.R.I.B.A.,  and  G.  R.  Burnell,  C.E       Revised  Edition      2/0 
"  Solid  practical  information,  written  in  a  concise  and  lucid  style.     The  work  can  be  recommended 
as  a  text-book  for  all  surveyors,    architects    &c." — Iron  and  Coal  Trades  Review 

Draina^^e  of  Lands,  Towns,  and  Building^ 

By  G.    D.  Dempsey,    C.E.       Revised,    with   large  Additions  on    Recent  Practice  ia 
Drainage  Engineering,  by  D.  Kinnear  Clark,  M.I.C.E.     Third  Edition  4/6 

Embanking:  Lands  from  the  Sea. 

With     Examples    and     Particulars    of    actual     Embankments,     &c.           By    John 
Wiggins.  F.G.S 2/0 
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Blasting^  and  Quarrying^  of  Stone, 

For  Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of  Bridges. 
By  Gen.  Sir  J.  Burgoyne,  K.CB 1/6 

Foundations  and   Concrete  Works. 

With  Practical  Remarks  on  Footings,  Planking,  Sand,  Concrete.  B6ton,  Pile-driving, 
Caissons,  and  Cofferdams.     By  E.  DOBSON,  M.R.I.B.A.     Seventh  Edition        .      1/6 

Pneumatics, 

Including  Acoustics  and  the  Phenomena  of  Wind  Currents,  for  the  use  of  Beginners. 
By  Ch.\rles  ToMLiNSON,  F.R.S.     Fourth  Edition,  enlarged.     Illustrated         .      1/6 

Land  and   Eng^ineering^  Surveying. 

For  Students  and  Practical  Use.  By  T.  Baker,  C.E.  Fifteenth  Edition,  revised  and 
corrected  by  J.  R,  Young,  formerly  Professor  of  Mathematics,  Belfast  College. 
Illustrated  with  Plates  and  Diagrams 2/0 

Mensuration  and  Measuring^, 

With  the  Mensuration  and  Levelling  of  Land  lor  the  purposes  of  Modern  Engineering. 
By.  T.  Baker,  C.E.    New  Edition  by  E.  Nugent,  C.E 1/6 


MINING  AND   METALLURGY. 
Mineralog^y, 

Rudiments  of.     By  A.  Rams  AY,  E.G.  S.     Third  Edition.     Woodcuts  and  Plates.     3/6 
"The  author  throughout  has  displayed  an  intimate  knowledge  of  his  subject,  and  great  facility  in 
imparting  that  knowledge  to  others.     The  book  is  of  great  utility." — Mining  Journal. 

Coal  and  Coal  Mining*, 

A  Rudimentary  Treatise  on.      By  the  late  Sir  Warington  W.  Smyth,  M.A.,  F.R.S., 

&c.,  Chief  Inspector  of  the  Mines  of  the  Crown.     7th  Edn.,  revised  and  enlarged    3/6 

"  Every  portion  of  the  volume  appears  to  have  been  prepared  with  much  care,  and  as  an  outline  is 

given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as  of  the  two  principal  methods  of 

working,  the  book  will  doubtless  interest  a  very  large  number  of  readers." — Mining  Journal. 

Metallupg^y  of  Iron, 

Containing  History  of  Iron  Manufacture,  Methods  of  Assay,  and  Analyses  of  Iron  Ores. 

Processes  of  Manufacture  of  Iron  and  Steel,  &c.    By  H.  Bauerman,  F.G.S.,  A.R.S.M. 

With  numerous  Illustrations.     Sixth  Edition,  revised  and  enlarged     .         .         .      5/0 

"  Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  less  important  points ;  while  ail 

material  matters  are  very  fully  and  thoroughly  entered  into." -^Stafidard. 

Mineral    Surveyor  &   Valuer's   Complete  Guide. 

Comprising  a  Treatise  on  Improved  Mining  Surveying  and  the  Valuation  of  Mininer 
Properties,  with  New  Traverse  Tables.  By  W.  LiNTERN,  C.E., Third  Edition,  with  an 
Appendix  on  Magnetic  and  Angular  Surveying,  with  Records  of  the  Peculiarities  of 
Needle  Disturbances.  With  Four  Plates  of  Diagrams,  Plans,  &c.  .  .  .  3/6 
"Contains  much  valuable  information,  and  is  thoroughly  trustworthy." — Iron  &"  Coal  Trades  Rev  i^-stf. 

Slate  and  Slate  Quarrying*, 

Scientific.  Practical,  and  Commercial.     By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  &c. 

With  numerous  Illustrations  and  Folding  Plates.     Third  Edition        .        .         .     3/0 

"  One  of  the  best  and  best-balanced  treatises  on  a  special  subject  that  we  have  met  with." — Engineer. 

A  First  Book  of  Mining  and  Quappying^, 

With  the  Sciences  connected  therewith,  for  Primary  Schools  and  Self-Instruction.     By 

J.  H.  Collins.  F.G.S.     Second  Edition,  with  Additions 1/6 

"  For  those  concerned  in  schools  in  the  mining  districts,  this  work  is  the  very  thing  that  should  he  in 
»i)e  hands  of  their  schoolmasters." — Iron. 

Subteppaneous  Supveying^. 

By  Tho.mas   Fenwick.      Also  the  Method  of  Conducting  Subterraneous  Surveys 
without  the  use  of  the  Magnetic  Needle,  &c.     By  T.  Baker,  C.E.      .        .        ,     2/6 

Mining^  Tools, 

Manual  of.      By  WiLLiAM  MORGANS,  Lecturer  on  Practical  Mining  at  the  Bristol 
School  of  Mines 2!9 

Mining  Tools,  Atlas 

Of  Engrav-ings  to  Illustrate  the  above,  containing  235  Illustrations  of  Mining  ool>, 

drawn  to  Scale.     410.             4/6 

"  Students,  O vermes.  Captains,  Managers,  and  Viewers  may  gain  practical  knowledge  and  usefuf 
hints  by  the  study  of  Mr.  Morgans'  Manual." — Colliery  Guardian. 
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Physical  Geolog'y, 

Partly  based  on  Major-General  Portlock's  "  Rudiments  of  Geology."     By  Ralph 
Tate,  A.L.S.,  &c.     Woodcuts 2/d 

Histopieal  Geolog*y, 

Paitlv  based  on  Major-General  Portlock's  "  Rudiments."    By  Ralph  Tate   .     2/6« 

Geologry, 

Physical  and  Historical.     Consisting  of  "  Physical  Geology,"  which  sets  forth  the 
Leading   Principles  of  the  Science;   and  "Historical  Geology,"  which  treats  of  the 
Mineral  and  Organic  Conditions  of  the  Earth  at  each  successive  epoch.     By  Ralph' 
Tate,  F.G.S.     With  250  Illustrations        _.         .         .         .         .         .         .        .     4/0 

"  The  fulness  of  the  matter  has  elevated  the  book  into  a  manual.     Its  information  is  exhaustive  and* 
well-arranged,  so  that  any  subject  may  be  opened  upon  at  once." — School  Board  Chronicle. 


n 


MECHANICAL    ENGINEERING. 
Workman's  Manual  of  Engineerings  Drawing*. 

By  John  Maxton,  Instructor  m  Engineering  Drawing,  Royal  Naval  College,  Green- 
wich,    Seventh  Edition.     300  Plates  and  Diagrams 3/6« 

"A  copy  of  it  should  be  kept  for  reference  in  every  drawing  ofBce." — Engiiuering. 

Fuels :  Solid,  Liquid,  and  Gaseous. 

Their  Analysis  and  Valuation.     For  the  use  of  Chemists  and  Engineers.     By  H.  J'. 
Phillips,  F.C.S.,  formerly  Analytical  and  Consultiui  Chemist  to  the  Great  Eastern. 

Railway.     Second  Edition,  revised 2/0 

"  Ought  to  have  its  place  in  the  laboratory  of  every  metallurgical  establishment,  and  wherever  fuel  i* 
used  on  a  large  scale." — Chemical  News. 

Fuel,  Its  Combustion  and  Economy. 

Consisting  of  an  Abridgment   of  "  A  Trc.-\tise  on   the  Combustion  of  Coal   and  the- 

Prevention  of  Smoke."     By  C.  W.  Williams,  A.I.C.E.      With  extensive  Additions 

by  D.  Kinnear  Clark,  M.  Inst.  C.E.     Third  Edition,  corrected      .        .        .     3/6 

"Students  should  buy  the  book  and  read  it,  as  one  of  the  most  complete  and  satisfactory  treatises  on*    . 

tke  combustion  and  economy  of  fuel  to  be  had.'  — Engineer, 

Boilermaker's  Assistant 

In   Drawing,    Tcmplating,  and   Calculating   Boiler  Work,  &-c.       By  J.    Courtney,. 
Practical  Boilermaker.     Ediud  by  D.  K.  Clakk,  C.E.     Third  Edition,  revised      2/(> 
"With  very  great  care  we  have  gone  through  the  '  Boilermaker's  Assistant,'  and  have  to  say  that  it 
luis  our  unqualified  approval.     Scarcely  a  point  has  been  oniitled." — Foreman  Engineer. 

Boilermaker's  Ready  Reckoner, 

With  Examples  of  Practical  Geometry  and  Templaiing  for  the  Use  of  Platers,  Smiths, 

and  Riveters.     By  John  Courtney.      Edited  by  D.  K.  Clark,  M.l.C.E,    ,     4/0 

•<,*  The  last  two  Works  in  One  Vol.,  half-bound,  entiiied  "The   Boilermaker's   Ready 

Reckoner  and  Assistant."     By  J.  Courtney  and  D.  K.  Clark.     Price    710 

•'A  most  useful  work.     No  workman  or  apprentice  should  be  without  it." — Iron  Trade  Circular. 

Steam  Boilers. 

Their  Construction  and  Management.     By  R.  Armstrong,  C.E.     Illustrated  .      1/© 
"A  mass  of  information  suitable  for  beginners." — Design  and  Work. 

Steam  and  Machinery  Manag'ement. 

A  Guide  to  the  Arrangement  and  Economical  Management  of  Machinery,  with  Hints  on^ 
Construction  and  Selection.     By  M.  Povvis  Bale,  M.  InsL  M.E.       .        .        .      2/6 
"Gives  the  results  of  wide  experience." — Lloyds  Newspaper. 

Steam  and  the  Steam  Eng>ine, 

Stationary  and  Portable.     Being  an  Extension  of  the  Treatise  on  the  Steam  Engine  of 
Mr.  J.  Sevvell.     By  D.  K.  Clark,  C.E.      Third  Edition         .        .        .        .     3/6- 
"Every  essential  part  of  the  subject  is  treated  of  competently,  and  in  a  popular  style."— /r<w». 

The  Steam  Engine, 

A  Treatise  on  the  Mathematical  Theory  of,  with  Rules  and  Examples  for  Practical 
Men.     By  T.  Baker,  C.E .      !/& 

** Teems  with  scientific  information  with  reference  to  the  steam-engine."— Z?^j/^«  and  Work. 

The  Steam  Eng'ine. 

For  the  use  of  Beginners.     By  Dr.  Lardner.     Illustrated  •        •        •        •     1/6- 

Locomotive  Engines. 

A  Rudimentary  Treatise  on.     Bv  G.  D.  Dempsey,  C.E.     With  large  Additions  treating 
of  the  Modern  Locomotive,  by  D.  K.  Clark,  M.  Inst.  C.E.     With  Illustrations     3/0 
"  ▲  model  «f  what  an  elementary  technical  book  should  h^"— Academy. 
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iLocomotive  Eng'ine-Dpiving^. 

A  Practical  Manual  for  Engineers  in  Charge  of  Locomotive  Engines.     By  MICHAEL 
Reynolds,  M.S.E.     Eighth  Edition.     3/6"limp  ;  cloth  boards         .        .        .     4/6 
"We  can  confidently  recommend  the  book,  not  only  to  the  practical  driver,  but  to  everyone  who 
Xakes  an  interest  in  the  performance  of  locomotive  engines.  ' — The  Engineer, 

Stationary  Eng'ine  Driving'. 

A  Practical  Manual  lor  Engineers  in  Charge  of  Stationary  Engines.     By  Michael 
Reynolds,  M.S.E.     Fourth  Edition.     3/6  limp  ;  cloth  boards         .        .        .      4/6 
"The  author  is  thoroughly  acquainted  with  his  subjects,  and  has  produced  a  manual  which  is  an 
exceedingly  useful  one  for  the  class  for  whom  it  is  specially  intended." — Engineering. 

Smithy  and  Forge. 

Including  the   Farrier's  Art  and    Coach  Smithing.      By  W.  J.  E.  Crane.     ,     2/6 

"  The  first  modem  English  book  on  the  subject.     Great   pains  have  been  bestowed  by  the  author 
iupon  the  book ;  shoeing-smiths  will  find  it  both  useful  and  interesting." — Builder. 

Modern  Workshop   Practice, 

As  applied  to  Marine,   Land,   and  Locomotive   Engines,  Floating  Docks,  Dredging 
Machines,  Bridges,  Ship-Building,  &c.    By  J.  G.  Winton.    4th  Edn.,  Illustrated     3/6 
"Whether  for  the  apprentice  determined  to  master  his  profession,  or  for  the  artisan  bent  upon  raising 
•himself  to  a  higher  position,  this  clearly-written  and  practical  treatise  will  be  a  great  help." — Scotsman. 

Mechanical  Engineering. 

Comprising  Metallurgy,  Moulding,  Casting,  Forging,  Tools,  Workshop  Machinery, 
Mechanical  Manipulation,  Manufacture  of  the  Steam  Engine,  &c.  By  Francis  Campin, 
C.E.    Third  Edition,   Re-written  and  Enlarged  .        .        .  \Jtist published.      2/6 

"A  sound  and  serviceable  text-book,  quite  up  to  date." — Building  News. 

Details  of  Machinery. 

Comprising  Instructions  for  the  Execution  of  various  Works  in  Iron  in  the  Fitting- 
shop,  Foundry,  and  Boiler- Yard.     By  Francis  Campin,  C.E 3/0 

•*  A  sound  and  practical  handbook  for  all  engaged  in  the  engineering  trades." — Building  World. 

Elementary  Engineering : 

A  Manual  for  Young  Marine  Engineers  and  Apprentices.  In  the  Form  of  Questions 
and  Answers  on  Metals,   Alloys,   Strength  of   Materials,   &c.     By  J.  S.  Brewer. 

Second  Edition 1/6 

"A  useful  introduction  to  the  more  elaborate  text-books." — Scotsman. 

Power  in  Motion : 

Horse-power  Motion,  Toothed-Wheel  Gearing,  Long  and  Short  Driving  Bands,  Angular 
Forces,  &c.     By  James  Armour,  C.E.     With  73  Diagrams.    Third  Edition    .      2/0 
"  The  value  of  the  knowledge  imparted  cannot  well  be  over-estimated." — Newcastle  Weekly  Chron. 

Iron  and  Heat. 

Exhibiting  the  Principles  concerned  in  the  Construction  of  Iron   Beams,  Pillars  and 
Girders.    By  J.  Armour,  C.E.      .        .       .  .  ....     2/6 

"A  very  useful  and  thoroughly  practical  little  volnms."— Mining /ourftal. 

Practical  Mechanism, 

And  Machine  Tools.  By  T.  Baker,  C.E.  With  Remarks  on  Tools  and  Machinery 
by  J.  Nasmyth,  C.E 2/6 

Mechanics. 

Being  a  concise  Exposition  of  the  General  Principles  of  Mechanical  Science,  and  their 
Applications.    By  Charles  Tomlinson,  F.R.S. 1/6 

Cranes, 

The  Construction  of,  and  other  Machinery  for  Raising  Heavy  Bodies  for  the  Erection 
of  Buildings,  &c.     By  Joseph  Glynn,  F.R.S 1/6 


NAVIGATION,   SHIPBUILDING,  etc. 
Sailor's  Sea  Book: 

A  Rudimentary  Treatise  on  Navigation.    By  James  Greenwood,  B.A.    With  numerous 
Woodcuts  and  Coloured  Plates.    New  and  Enlarged  Edition.    By  W.  H.  Rosser     2/6 
"  Is  perhaps  the  best  and  simplest  epitome  of  navigation  ever  compiled." — Field. 

Practical  Navigation. 

Consisting  of  the  Sailor's  Sea  Book,  by  James  Greenwood  and  W.  H.  Rosser  ; 

together  with  Mathematical  and  Nautical  Tables  for  the  Working  of  the  Problems,  by 

Henry  Law,  C.E.,  and  Prof.  J.  R.  Young.     Half-bound  in  leather  .        .        .     7/0 

"A  vast  amount  of  information  is  contained  in  this  volume,  and  we  fancy  in  a  very  short  time  that  it 

will  be  seen  in  the  library  of  almost  every  ship  or  yacht  afloat."— //««/'*  Yachting  Magazine. 

Navigation  and  Nautical  Astronomy, 

In  Theory  and  Practice.     By  Prof.  J.  R.  YoUNG.     New  Edition.     Illustrated     .     2/6 
"A  very  complete,  thorough,  and  useful  manual  for  the  young  navigator." — Observatory. 
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Mathematical  Tables, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations  ;  to  which  is  prefixed  a 
Treatise  on  Logarithms,  by  H.  Law,  C.E.  Together  with  a  Series  of  Tables  for 
Navigation  and  Nautical  Astronomy.    By  Professor  J.  R.  Young.    New  Edition    4/0 

Masting*,  Mast-Making?,  and  Rig^ging?  of  Ships. 

Also  Tables  of  Spars,  Rigging,  Blocks;  Chain,  Wire,  and  Hemp  Ropes,  &c.,  relative 
to  every  class  of  vessels.     By  Robert  Kipping,  N.  A 2/0 

Sails  and  Sail-Making. 

With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  Weights  and  Sizes  of  Ropes  : 
Masting,  Rigging,  and  Sails  of  Steam  Vessels,  «Scc.     By  R.  Kipping,  N.A.  .     2/G 

Marine  Engines  and  Steam  Vessels. 

By  R.   Murray,   C.E.     Eighth  Edition,  thoroughly  Revised,  with  Additions  by  the 

Author  and  by  George  Carlisle,  C.E.     . 4/6' 

"An  indispensable  manual  for  the  student  of  marine  engineering." — Liverpool  Mercufy. 

Iron  Ship-Building. 

With  Practical  Examples  and  Details.     By  John  Grantham.     Fifth  Edition    .     4/0 

Naval  Apchitectupe. 

An  Exposition  of  the  Elementary  Principles.     By  James  Peake   .        .        .     3/6 

Ships  fop  Ocean  and  Rivep  Sepvice, 

Principles  of  the  Construction  of.     By  H.  A.  Sommerfeldt      ....     1/6 

An  Atlas  of  Engpavings 

To  Illustrate  the  above.     Twelve  large  folding  Plates.     Royal  4to,  clotli      .        .     7/6 

Ships  and  Boats. 

By  W,  Bland.    Seventh  Edition,  revised,  with  numerous  Illustrations  and  Models  1/6 


ARCHITECTURE  and  BUILDING, 
Constpuctional  Ipon  and  Steel  Wopk, 

As  applied  to  Public,  Private,  and  Domestic  Buildings.    By  Francis  Campin,  C.E.     3/6 
"  Anyone  who  wants  a  book  on  ironwork  as  employed  for  stanchions,  columns,  and  beams,  will  find' 
the  present  volume  to  be  suitable." — British  Architect. 

Building  Estates: 

A  Treatise  on  the  Development,  Sale,  Purchase,  and  Management  of  Building  Land. 

By  F.  Maitland.     Second  Edition,  revised 2/D 

"  This  book  should  undoubtedly  be  added  to  the  library  of  every  professional  man  dealing  with 
building  land." — Land  Agent's  Record. 

Science  of  Building^: 

An  Elementary  Treatise  on  the  Principles  of  Construction.     By  E.  Wyndham  Tarn, 
M.A.  Lond.     Third  Edition,  revised  and  enlarged 3/6 

Apt  of  Buildings, 

Rudiments  of.     General  Principles  of  Construction,  Strength,  and  Use  of  Materials. 
Working  Drawings,  Specifications,  &c.     By  Edward  Dobson,  M.R.I.B.A.  &c    2/0 
"  A  good  book  for  practical  knowledge,  and  about  the  best  to  be  ohtain^d."— Building  Ifews. 

Book  on  Building^, 

Civil  and  Ecclesiastical.     By  Sir  EDMUND  Beckett.  Bart.,  LL.D.,  Q.C.,  F.R.A.S.. 
Author  of  •*  Clocks  and  Watches  and  Bells,"  &c.     Second  Edition,  enlarged.      .     4/6 
"A  book  which  is  always  amusing  and  nearly  always  instructive." — Times. 

Dwellings-Houses, 

Erection  of,  Illustrated  by  a  Perspective  View,  Plans,  Elevations,  and  Sections  of  a  Pair 
of  Villas,  with  the  Specification,  Quantities,  and  Estimates.     By  S.  H.  Brooks     2/6 

Cottag'e  Building-. 

By  C.  Bruce  Allen.     Eleventh   Edition,  with   Chapter  on  Economic  Cottages  for 
Allotments,  by  E.  E.  Allen,  C.E 2/0 

Acoustics  of  Public  Buildings  : 

The   Laws   of  Sound    as  apphed  to  the  Arrangement  of  Buildings.     By  Professor 
T.  Roger  Smith,  F.R.I.B.A.     New  Edition,  revised.     With  numerous  Illustrations. 

{Just  published,      1/6 

Ppactical  Bpicklaying. 

General  Principles  of  Bricklaying  ;    Arch  Drawing,  Cutting  and  Setting ;    Pointing  ; 
Paving,  TiUng,  &c.     By  Adam  Hammond.     With  68  Woodcuts       .        .        .      1/6 
"  The  young  bricklayer  will  find  it  infinitely  valuable  to  him." — Glasgow  Herald. 

Apt  of  Ppactical  Bpick-Cutting  and  Setting. 

By  Adam  Hammond.     With  go  Engravings        .  .  ,        .     1/6 
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Bpiekv^opk : 

Embodying  the  General  and  Higher  Principles  of  Bricklaying,  Cutting  and  Setting; 
with  the  Application  of  Geometry  to  Roof  Tiling,  &c.     By  F.  Walker       .         .      1/6 
"Contains  all  that  a  young  tradesman  or  student  needs  to  learn  from  books." — Building  News. 

Bpicks  and  Tiles, 

Rudimentary  Treatise  on  the  Manufacture  of.  Containing  an  Outline  of  the  Principles 
of  Brickmaking.     By  E,  DoBSON,  M.R.I.B.A.     Additions  by  C.  Tomlinson.  F.R.S. 

Illustrated 3/0 

"The  best  handbook  on  the  subiect.     We  can  safely  recommend  it  as  a  good  investment." — Builder. 

Ppaetical   Bpiek  and  Tile  Book. 

Comprising:  Brick  and  Tile  Making,  by  E.  Dobson,  A.I.C.E.  ;  Practical  Brick- 
laying, by  A.  Hammond  ;  Brick-Cutting  and  Setting,  by  A.  Hammond.  550  pp. 
with  270  Illustrations,  strongly  half-bound 6/0 

Cappentpy  and  Joinepy— 

The  Elementary  Principles  of  Carpentry.  Chiefly  composed  from  the  Standard 
Work  of  Thomas  Tredgold,  C.E.  With  Additions,  and  a  Treatise  on 
Joinery  by  E.  W.  Tarn,  M.A.     Sixth  Edition,  revised  and  extended    .         .      3/6 

Cappentpy  and   Joinepy. 

Atlas  of  35  Plates  to  accompany  and  illustrate  the  foregoing  book.  With  Descriptive 
Letterpress.     4to. 6/0 

"  These  two  volumes  form  a  complete  treasury  of  carpentry  and  joinery,  and  should  be  in  the  hands  of 
every  carpenter  and  joiner  in  the  Empire."— /rc7«. 

Ppaetical  Tpeatise   on    Handpailing* : 

Showing  New  and  Simple  Methods.  By  Geo.  Colli ngs.  Second  Edition,  Revised, 
including  a  Treatise  on  Stairbuilding.     With  Plates  ....     2/6 

"  Will  be  found  of  practical  utility  in  the  execution  of  this  difficult  branch  of  joinery." — Builder. 

Cipculap  Wopk  in   Cappentpy  and  Joinepy. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.     By  George 

COLLINGS.     Second  Edition 2/6 

"Cheap  in  price,  clear  in  definition,  and  practical  in  the  examples  selected." — Builder. 

Roof  Cappentpy  : 

Practical  Lessons  in  the  Framing  of  Wood  Roofs.  For  the  use  of  Working  Carpenters. 
By  Geo.  Collings,  Author  of  "  Handrailing  and  Stairbuilding,"  &c.         .         .     2/0 

Constpuction  of  Roofs,  of  Wood  and  Ipon  : 

Deduced   chiefly  from    the    Works    of    Robison,    Tredgold,    and    Humber.        By   E. 

Wyndham  Tarn.   M.A.,  Architect.     Second  Edition,  revised  .        .        .      1/6 

"  Mr.  Tarn  is  so  thoroughly  master  of  his  subject,  that  although  the  treatise  was  founded  on  the  works 

of  others  he  has  given  it  a  distinct  value  of  his  own.     It  will  be  found  valuable  by  all  students."— i5«//aVn 

The  Joints  Made  and   Used  by  Buildeps. 

By  Wyvill  J.  Christy,  Architect.     With  160  Woodcuts  ....     3/0 

"  The  work  is  deserving  of  high  commendation."— ^K//^^r. 

Shopin^, 

And  its  Application  :  A  Handbook  for  the  use  of  Students.     By  G.  H.  Blagrove     1/6 
•*  We  recommend  this  valuable  treatise  to  all  students."— i^^/Zr/m^  Nexvs. 

Timbep    Impoptep's,    Timbep    Mepchant's,    and 
Buildep's   Standapd  Guide. 

By  R.  E.  Grandy g/O 

"  Everything  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a  treenail,  and  throws 
in.  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns,  cisterns,  Sic"— English  Mechanic. 

Plumbing^ : 

A  Text- Book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.      With  Chapters  upon 

House  Drainage  and  Ventilation.     By  Wm.  Paton  Buchan.  R. P.,  Sanitary  Engineer. 

Seventh  Edition,  Rewritten  and  Enlarged,  with  500  Illustrations  .         .         .      3/6 

"A  text-book  which  may  be  safely  put  into  the  hands  of  every  young  plumber,  and  which  will  also 

be  found  useful  by  architects  and  medical  professors."—  Builder. 

Ventilation : 

A  Text-Book  to  the  Practice  of  the  Art  of  Ventilating  Buildings.     By  W.  P.  Buchan, 
R. P.,  Author  of  "  Plumbing,"  &c.     With  170  Illustrations 3/6 

The  Ppaetical   Plastepep: 

A  Compendium  of  Plain  and  Ornamental  Plaster  Work.     By  Wilfred  Kemp     2/0 

House    Fainting',   Gpaining",    Mapbling*,    and    Sig-n 
Wpiting^: 

With  a  Course  of  Elementary  Drawing,  and  a  Collection  of  Useful  Receipts.    By  Eli  is 

A.  Davidson.  Seventh  Edition.  Coloured  Plates 5/0 

***    77;^  aiavtf,  in  cloth  boards,  strongly  hound,  6/0. 
"A  mass  of  information  of  use  to  the  amateur  and  of  value  to  :be  practical  mAii."— English  Mechanic. 
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Gpammap  of  Colouping*. 

Applied  to  Decorative  Faintin.ii  and  the  Arts.     By  George  Field.     New  Edition, 
revised  and  enlarged  by  Ellis  A.  Davidson.     With  Coloured  Plates        .        ,     3/0 
"The  book  is  a  most  useaii  rcswtii  ot  cne  properties  of  pigments.  "^i>'M/7^r. 

Elementary  Deeoi*ation : 

As  Applied  to  pv.eilin.u-i-louses,  &c.     By  jAMES  W.  Facey.     Illustrated  .        .     2/0 
"The  principles   wnicli  ous;iil  lo  guide  the  decor.ition  of  dwelling-houses  are  clearly  set  forth,  and 
elucidated  by  examples  ;  while  full  instructions  are  Riven'to  the  learner." — Scotsman. 

Practical  House   Decopation. 

A  Guide  to  tlie  Art  of  Ornanici!t.;l  Painting,  the  Arrangement  of  Colours  in  Apartments, 
and  the  Principles  of  Decorative  Design.     By  James  \V.  Facey  .        .        .      2/6 

%*  T/ie  last  hvo  Works  in  One  handwme  Vol.,  half-bound,  entitled  "House   Decoration, 
Elementary  and  Practical," /rzVt;  6/0. 

Wapming"  and  Ventilation 

Of  Domestic  and   Public  Buildings,  &c.     By  C.  Tomlinson,  F.R.S.        .        .     3/0 

Poptland  Cement  fop  Useps. 

By  Hknkv  Faija,  A.M.  Inst.  C.E.     Third  Edition,  corrected    ....     2/0 
"  Supplies  in  a  small  compass  all  that  is  necessary  to  be  known  by  users  of  cement." — Building  Newt. 

Limes,   Cements,   Moptaps,   Concpetes,    Mastics, 
Flastcping^,  &c. 

By  G.  R.  Burnell,  C.E.     Thirteenth  Edition    .......      1/6 

Masonpy  and  Stonecutting*, 

The  Principles  of  Masonic  Projection,  and  tlieir  Application  to  Construction.  By 
E.  Dobson,  M.R.I.B.A 2/6 

Apches,  Pieps,  Buttpesses,  &c. 

Experimental  Essays  on  the  Principles  of  Construction  in.    By  William  Bland       1/6 

Quantities  and  Measupcments, 

In  Bricklayers',   Masons',  Plasterers',   Plumbers',    Painters',   Paperhangers',   Gilders', 
Smiths',  Carpenters'  and  Joiners'  Work.     By  A.  C.  Ukaton,  Surveyor       .         ,      1/6 
"  This  book  is  indispensable  to  builders  and  their  quantity  clerks." — English  Mechanic. 

Complete  Measupcp; 

Setting  forth  the  Measurement  of  Boards,  Glass,  Timber,  and  Stone.     By  R.  Horton. 

Fifth  Edition 4/0 

♦»*  The  above,  strongly  bound  in  leather,  price  5/0. 

Light : 

An  Introduction  to  the  Science  of  Optics.  Designed  for  the  Use  of  Students  of 
Architecture,  Engineeiing,  and  other  Applied  Sciences.    By  E.  W.  Tarn,  M.A.  .      1/6 

Hints  to  Youngs  Apchitects. 

Bv  George  Wightwick.  Architect,  Author  of  "  The  Palace  of  Architecture,"  &c.,  &c. 
Fifth  Edition,  revised  and  enlarged  by  G.  HUSKISSON  GuiLLAUIlE,  Architect     .      3/6 
"  A  copy  ought  to  be  considered  as  necessary  a  purchase  as  a  box  of  instrunr  ents." — Architect. 

Apchitectupe— Opdeps. 

The  Orders  and  their  Esthetic  Principles.     By  W.  H.  Leeds.     Illustrated         •      1/6 

Apchitectupe— Styles. 

The  History  and  Description  of  the  Styles  of  Architecture  of  Various  Countries,  from 
the  Earliest  to  the  Present  Period.  By  T.  Talbot  Bury,  F.R.I.B.A.,  &c.  Illus- 
trated   2/0 

Orders  and  Styles  of  Architecture,  in  One  Vol.,  3/6. 

Apchitectupe— Desig'n. 

The  Principles  of  Design  in  Architecture,  as  deduciblc  from  Nature  and  exemplified  in 
the  Works  of  the  Groek  and  Gothic  Architects.     By  Eow.  L.  Garbett,  Architect     2/6 
"We  know  no  work  tlint   we  would  sooner  recommend  to  an  .ittentive  reader  desirous  to  obtain  clear 
views  of  the  nature  of  architectural  art.     The  book  is  a  valuable  one." — Builder. 

The  three  preceding    Works  in    One  handsome.   Vol.,  half-bound,   entitled  "MODERN 
Architecture, ''/riVs  6/0. 

Apchitectupal  Modelling:  in  Papcp, 

The  Art  of.    By  T.  A.  Richardson.    With  Illustrations,  engraved  by  O.  Jewitt     1/6 
"A  valuable  aid  to  the  practice  of  architectural  modelling." — Builder's  Weekly  Reporter. 

Pepspective  fop  Beginneps. 

For  Students  and  Amateurs  in  Architecture,  Painting,  &c.     By  G.  Pyne    .        .     2/0 

Glass  Staining",  and  the  Apt  of  Painting*  on  Glass. 

From  the  German  of  Dr.  Gessf.rt  and  Emanuel  Otto  Fromberg.  With  an 
Appendix  on  The  .Art  of  Enamelling 2/6 
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Vitpxivius— The  Apchiteetupe  of  Mareus  Vitpuvius 
Pollio. 

In   Ten    Books.     Translated  from  the  Latin  by  Joseph  Gwilt,  F.S.A.,  F.R.A.S. 

With  23  Plates 5/0 

N.B. —  This  is  the  only  Edition  of  VlTRUWXJS,  procurable  at  a  moderate  price. 

Opeeian  Apehiteetupe, 

An  Inquiry  into  the  Principles  of  Beauty  in ;  with  an  Historical  View  of  the  Rise  and 
Progress  o'f  the  Art  in  Greece.     By  the  Earl  of  Aberdeen       ....      1/0 
*J*  The   two  preceding    Works  in   One  handsome    Vol.,   half-bound,   entitled   "Ancient 
Architecture,  " /;-/Ve  6/0. 


INDUSTRIAL  AND   USEFUL  ARTS, 
Cements,  Pastes,  Glues,  and  Gums. 

A  Practical  Guide  to  the  Manufacture  and  Application  of  the  various  Agglutinants 
required  fcr  Workshop,  Laboratory,  or  Office  Use.     With  upwards  of  900  Recipes  and 

Formulas.     By  H.  C.  Standage  . 2/0 

"  As  a  revelation  of  what  are  considered  trade  secrets,   this  book  will  arouse  an  amount  of  curiosity 
among  the  large  number  of  industries  it  touches." — Daily  Chronicle. 

Clocks  and  Watches,  and  Bells, 

A  Rudimentary  Treatise.      By  Sir  Edmund  Beckett.      Seventh  Edition.        .     4/6 
*^*     Tlie  above,  handso7nely  bound.  Cloth  Boards,  6/6. 
"  The  best  work  on  the  subject  probably  extant.     The  treatise  on  bells  is  undoubtedly  the  best  in  the 
Uanguage." — Engineering.     "  The  only  modem  treatise  on  clock-making." — Horo  logical  Journal. 

Electpo-Metallupg^y, 

Practically  Treated.     By  Alexander  Watt.     Tenth  Edition,^  enlarged  and  revised. 
With  Additional  Illustrations,  and  including  the  most  Recent  Processes     ,        .      3/6 
"From  this  book  both  amateur  and  artisan  may  learn  everything  necessary."— /^<7«. 

Goldsmith's  Handbook, 

Containing  full  Instructiens  in  the  Art  of  Alloying,  Melting,  Reducing,  Colouring, 
Collecting,  and  Refining.  The  processes  of  Manipulation,  Recovery  of  Waste, 
Chemical  and  Physica  Properties  of  Gold  ;  Solders,  Enamels,  and  other  useful  Rules 
and  Recipes,  &c.  ^  By  George  E.  Gee.  Third  Edition,  considerably  enlarged  3/0 
"A  good,  sound,  technical  educator." — Horological  Journal. 

Sllvcpsmith's  Handbook, 

On  the  same  plan  as  the  above.     By  George  E.  Gee.    Second  Edition,  Revised     3/0 
'  A  valuable  sequel  to  the  author's  '  Practical  Goldworker.'  "—Silversmith's  Trade  Journal. 
•^*   The  two  preceding    Works,  in  One  handsome  Vol.,  half-bound,  etitiiled  "THE 
Goldsmith's  and  Silversmith's  Complete  Handbook,"  7/0. 

Hall-Mapking^  of  Jewellepy. 

Comprising  an  account  of  all  the  different  Assay  Towns  of  the  United  Kingdom  ;  with 
the  Stamps  at  present  employed  ;  also  the  Laws  relating  to  the  Standards  and  Hail- 
Marks  at  the  various  Assay  Offices.     By  Geokge  E.  Gee.         .        .        .        .     3/0 

"  Deals  thoroughly  with  its  subject  from  a  manufacturer's  and  dealer's  point  of  v\tv/."— Jeweller. 

"  A  valuable  and  trustworthy  guide." — English  Mechanic. 

Ppactical  Opg^an  Building*. 

Hy  W.  E.  Dickson,  M.A.,  Precentor  of  Ely  Cathedral.    Second  Edition,  Revised    2/6 
"The  amateur  builder  will  find  in  this  book  all  that  is  necessary  to  enable  him  personally  to  construct 
a  perfect  organ  with  his  own  hands." — Academy. 

"  The  best  work  on  the  subject  that  has  yet  appeared  in  book  form." — English  Mechanic. 

Coach-Building^ : 

A  Practical  Treatise,  Historical  and  Descriptive.      By  James  W.  Burgess    .    2/6 
"This  handbook   will   supply  a   long-felt   want,   not  only  to   manufacturers  themselves,  but   more 
particularly  apprentices,  and  others  whose  occupations  may  be  in  any  way  connected  with  the  trade  of 
roich-building." — European  Mail. 

Bpass  Foundep's  Manual: 

Instructions  for  Modelling,  Pattern  Making,  Moulding,  Turning,  &c.  By  W. 
Graham 2/0 

Sheet  Metal-Wopkep's  Guide. 

A  Practical    Handbook    for    Tinsmiths,    Copper«;miths,    Zincworkers,    &c. ,   with    46 
Diagrams  and  Working  Patterns.     By  W.  J,  E.  Crane.     Second  Edition,  revised  1/6 
"  The  author  has  acquitted  himself  with  considerable  tact  in  choosing  his  examples,  and  with  no 
less  ability  in  treating  x\\cm."— Plumber. 

Sewing^  Machinepy. 

Its  Construction,  History,  &c.     With  full  Technical  Directions  for  Adjusting,  &c.      By 

J.  W.  Urquhart,  C.E 2/0 

"  A  full  description  of  the  principles  and  construction  of  the  leading  machines,  and  minute  instruc- 
tions as  to  their  management." — Scotsman. 
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Gas  Fitting:: 

A  Practical  Handbook.    By  John  Black.    Revised  Edition.    With  130  Illustrations  2/6- 
"  Contains  all  the  requisite  information  for  the  successful  fitting  of  houses  with  a  gas  service,  &c. 
It  is  written  in  a  simple  practical  style,  and  we  heartily  recommend  it." — Plumber  and  Decorator. 

Constpuction  of  Doop  Locks. 

From  the  Papers  of  A.  C.  Hobbs.      Edited  by  Charles  Tomlinson,  F.R.S.      With 
a  Note  upon  Iron   Safes  by  Robert  Mallet.     Illustrated 2/6^ 

The    Model    Loeomotive  Engineep,    Fipeman,  and 
Eng'ine-Boy. 

Comprising  an  Historical  Notice  of  the  Pioneer  Locomotive  Engines  and  their  Inventors. 
By  Michael  Reynolds      .        .        » S/S 

Apt  of  Lettep   Painting^  made  Easy. 

By  James  Greig   Badenoch.     With  12  full-page  Engravmgs  of  E.xamples.       .      1/6 
"Any  intelligent  lad  who  fails  to  turn  out  decent  work  ^ter  studying  this  system,  has  mistaken  his 
vocation.  ' — English  Mechanic- 

Apt  of  Boot  and  Shoemakingf, 

Including    Measurement,    Last-fitting,    Cutting-out,   Closing    and    Making ;    with  a 
Description  of  the  most  Approved  Machinery  employed.       By  J-  B.  Leno         .     2/0 
"  By  far  the  best  work  ever  written  on  the  subject.     The  chapter  on  clicking,  which  shows  how  waste 
may  be  prevented,  will  save  fifty  times  the  price  of  the  book." — Scottish  Leather  Trader. 

Mechanical   Dentistpy: 

A  Practical  Treatise  on  the  Construction  of  the  Variotis  Kinds  of  Artificial  Dentures, 
comprising  also  Useful  Formulae.  Tables  and  Receipts.     By  C.  Hunter    .        .     3/0' 

Wood  Eng^paving^: 

A  Practical  and  Easy  Introduction  to  the  Study  of  the  Art.     By  W.  N.  BROWN       1/6' 

Laundpy  Management. 

A  Handbook  for  Use  in  Private  and  Public  Laundries.     Including  Accounts  of  Modem 
Machinery  and  Appliances.     By  the  Editor  of  The  Laundry  journal      .         .     2/0 
"  This  book  should  certainly  occupy  an  honoured  place  on  the  shelves  of  all  housekeepers  who  wisb 
to  keep  themselves  au  courant  of  the  newest  appliances  and  methods."— T'A^  Queen. 


AGRICULTURE.   GARDENING,  ETC. 
Dpaining  and  Embanking^. 

A  FYactical  Treatise.    By  John  Scott,  late  Professor  of  Agriculture  and  Rural  Economy 
at  the  Royal  Agricultural  College,  Cirencester.     With  68  Illustrations  .        ,        .      1/6- 
"A  valuable  handbook  to  the  engineer  as  well  as  to  the  surveyor."— Z,a//</. 

Ippig^ation  and  Watcp  Supply: 

A  Practical  Treatise  on  Water  Meadows,   tiewage  Irrigation,  Warping,  &c. ;  on  the  • 
Construction  of  Wells,  Ponds,  and  Reservoirs.  &c.      By  Professor  J.  Scott        .      1/6  • 
"  A  valuable  and  indispensable  book  for  the  estate  manager  and  owner." — Forestry. 

Fapm  Roads,  Fences,  and  Gates: 

A  Practical  Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the  Farm  ;  the  Prin- 
ciples of  Enclosures  ;  and  on  Fences,  Gates,  and  Stiles.    By  Prof.  John  Scott  .      1/6  • 
"  A  useful  practical  work,  which  should  be  in  the  hands  of  every  farmer." — Farttter. 

Fapm  Building^s: 

A   Practical  Treatise  on  the    Buildings  necessary  for  various  kinds  of   Farms,  their 
Arrangement  and  Construction,  with  Plans  and  Estimates.    By  Professor  J.  Scott   2/0 
**  No  one  who  is  called  upon  to  design  farm  buildings  can  afford  to  be  without  this  work." — Builder. 

Bapn  Implements  and  Machines: 

Treating  of  the  Applic  ition  of  Power  to  the  Operations  of  Agriculture  ;  and  of  the 
various  Machines  used  in  the  Threshing-barn,  in  the  Stockyard,  Dairy,  &c.  By 
Professor  John  Scott.     With  123  Illustrations 2/0' 

Field  Implements  and   Machines: 

With  Principles  and  Details  of  Construction  and  Points  of  Excellence,  their  Manage- 
ment, &c.     By  Professor  John  Scott.     With  138  Illustrations  .         .         .     2/0  • 

Ag^picultupal  Supveying^ : 

A  Treatise  on  Land  Surveying,  Levelling,  and  Setting-out  ;  with  Directions  for 
Valuing  and  Reporting  on  Farms  and  Estates.      By  Professor  J.  Scott        .      1/6  • 

Fapm  Eng'ineeping:. 

By  Professor  John  Scott.    Comprising  the  above  Seven  Volumes  in  One,  1,150  pages, 

and  over  600  Illustrations.     Half-bound 12/0  • 

"A  copy  of  this  work  should  be  treasured  up  in  every  library  where  the  owner  thereof  is  in  any  way  - 
connected  with  land." — Farm  and  Home. 
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Outlines  of  Fapm  Manag'ement. 

Trciting  of  the  General  Work  of  the  Farm  ;  Stock ;  Contract  Work  ;  Labour,  &c.     By 
R.  Scott  Burn,  Author  of  "Outlines  of  Modern  Farming,"  &c.        .        .        .     2/6 
•'The  book  is  eminently  practical,  and  may  be  studied  with  advantage  by  beginners  in  agriculture^ 
wfafle  it  contains  hints  which  will  be  useful  to  old  and  successful  farmers." — Scotsman. 

Outlines  of  Landed  Estates  Manag^ement. 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  the  Setting-out  of  Farms,  &c. ; 
Roads,  Fences,  Gates,  Irrigation,  Drainage,  &c.     By  R.  S.  Burn         .        .        .     2/6 
"  A  complete  and  comprehensive  outline  of  the  duties  appertaining  to  the  management  of  landed 
csX3L\.t&."— Journal  of  Forestry. 

The  above  Two   Vols,  in   One,  handsomely  half-bound,  entitled  "OUTLINES  OF  LANDED 
Estates  and  Farm  Management."     By  Robert  Scott  Burn.    Price  6/0. 

Soils,  Manures,  and  Crops. 

(Vol.  I.  Outlines  of  Modern  Farming.)    By  R.  Scott  Burn.     Woodcuts  .     2/0 

Farming^  and  Fapming"  Economy, 

Historical  and  Practical.  (Vol.  II.  Outlines  of  Modern  Farming.)    By  R.  Scott 
Burn S/Q 

"  Eminently  calculated  to  enlighten  the  agricultural  community  on  the  varied  subjects  of  which  it 
treats  ;  hence  it  should  find  a  place  in  everj'  farmer's  library."— CrVj/  Press. 

Stock:    Cattle,  Sheep,  and  Horses. 

(Vol.  III.  Outlines  of  Modern  Farming.)    By  R.  Scott  Burn.    Woodcuts     2/6 
"The  author's  grasp  of  his  subject  is  thorough,  and  his  grouping  of  facts  efleciive.     .     .     .     We  co.n- 
mend  this  excellent  tTea.tise."—lVceklj'  Dispatch. 

Dairy,  Pig's,  and   Poultry. 

(Vol.  IV.  Outlines  of  Modern  Farming.)    By  R.  Scott  Burn.     Woodcuts     2/0 
"  We  can  testify  to  the  clearness  and  intelligibility  of  the  matter,  which  has  been  compiled  from  the 
best  authorities."— Z(?«</t7«  Review. 

Utilization  of  Sewage,  Irrigation,  &c. 

(Vol.  V.  Outlines  of  Modern  Farming.)     By  R.  Scott  Burn.     Woodcuts       21& 
"  A  work  containing  valuable  information,  which  will  recommend  itself  to  all  interested  in  modern 
farming. " — Field. 

Outlines  of  Modern    Farming. 

By  R.  Scott  Burn,  Author  of  "Landed  Estates  Management,"  &c.     Consisting  of  the 
above  Five  Volumes  in  One,  1,250  pp.,  profusely  Illustrated,  half-bound     .         .    12/0 
"The  aim  of  the  author  has  been  to  make  his  work  at  once  comprehensive  and  trustworthy,  and  in 
this  aim  he  has  succeeded  to  a  degree  which  entitles  him  to  much  credit." — Morning  Advertiser. 

Book-keeping  for  Farmers  and  Estate  Owners. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  for  all  classes  of 
Farms.     By  J.  M.  V^'oodman,  Chartered  Accountant.     Third  Edition,  revised  .     2/6 
%*  The  above,  in  cloth  boards,  strongly  bound,  3/6. 
"Will  be  fo'ind  of  great  assistance  by  those  who  intend  to  commence  a  system  of  book-keeping,  the 
author's  exampies  being  clear  and  explicit,  and  his  explanations  full  and  accurate." — Live  Stock  Journal. 

Ready  Reckoner  for  Admeasurement  of  Land, 

By  A.  Arman.     Third  Edition,  revised  and  extended  by  C.  NORRIS,  Surveyor  .     2/0 
"  A  very  useful  book  to  al!  who  have  land  to  measure."— /l/ay-^^  Lane  Express. 
"  Should  be  in  the  hands  of  all  persons  having  any  connection  with  land." — Irish  Farm. 

Ready   Reckoner   for    Millers,    Corn    Merchants, 

And  Farmers.      Second    Edition,  revised,  with  a  Price   List   of    Modern   Flour  Mill 

Machinery.     By  W.  .S.  Hutton.  C.E 2/0 

"  Will  prove  an  indispensable  vade  ntecunt.    Nothing  has  been  spared  to  make  the  book  complete  and 
perfectly  adapted  to  its  special  purpose." — Miller. 

The  Hay  and  Straw  Measurer: 

New  Tables  for  tlie  use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers,  &c., 
forming  a  complete  Calculator  and  Ready  Reckoner.     By  John  Steele     .        .     2/0 
"  A  most  useful  handbook.     It  should  be  in  every  professional  office  where  agricultural  valuations  are 
conducted." — Laiid  Agent's  Record. 

Meat  Production: 

A  Manual  for  Producers,  Distributors,  and  Consumers  of  Butchers'  Meat.     By  John 
Ewart 2/6 

"  A  compact  and  Imndy  volume  on  the  meat  question.  — Meat  and  Provision  Trades  Revieiv. 
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Sheep : 

The  Histor)',  Structure,  Economy,  and  Diseases  of.    By  W.  C.  Spooner.   Fifth  Edition, 
with  Engravings,  including  Specimens  of  New  and  Improved  Breeds  .         .         .     3/6 
"  The  book  is  decidedly  the  best  of  the  kind  in  our  language." — Scotsman. 

Market  and  Kitchen  Gardening*. 

By  C.  W.  Shaw,  late  Editor  of  "Gardening  Illustrated" 3/0 

"  Tlie  most  valuable  compendium  of  kitchen  and  market-garden  work  published." — Fanner. 

Kitchen  Gardening^  made  Easy. 

Showing  the  best  means  of  Cultivating  every  known  Vegetable  and  Herb,  &c.,  with 
directions  for  management  all  the  year  round.   By  Geo.  M.  P\  Glenny.   Illustrated     1/6 

"  This  book  will  be  found  trustworthy  and  useful." — North  British  Agriculturist. 

Cottag'e  Gardening; 

Or,  Flowers,  Fruits,  and  Vegetables  for  Small  Gardens.     By  E.  Hobday    ,        .     1/6 
"Definite  instructions  as  to  the  cultivation  of  small  gardens."— 3"c<7/5;//aM. 

Garden  Receipts. 

Edited  by  CHARLES  W.  QuiN.     Third  Edition 1/6 

"  A  singularly  complete  collection  of  the  principal  receipts  needed  by  gardeners."— A'ar;«<rr. 

Fruit  Trees, 

The  Scientific  and  Profitable  Culture  of.     From  the  French  of  M.  Du  Breuil.     Fourth 
Edition,  carefully  Revised  by  George  Glenny.     With  187  Woodcuts        .        .     3/6 
"  The  book  teaches  how  to  prune  and  train  fruit  trees  to  perfection."— i^zV/^. 

Tree  Planter  and  Plant  Propag'ator: 

With   numerous  Illustrations  of   Grafting,  Layering,  Budding,  Implements,  Houses, 

Pits,  &c.     By  S.  Wood,  Author  of  "  Good  Gardening,"  &c 2/0 

"  Sound  in  its  teaching  and  very  comprehensive  in  its  aim.  It  is  a  good  book." — Gardeners'  Magazine. 

Tree  Pruner: 

Being  a  Practical  Manual  on  the  Pruning  of  Fruit  Trees,  including  also  their  Training  and 

Renovation,  also  treating  of  the  Pruning  of  Shrubs,  Climbers,  and  Flowering  Plants.  With 

numerous  Illustrations.     By  SAMUEL  Wood,  Author  of  "Good  Gardening,"  &c.      1/6 

"A  useful  book,  written  by  one  who  has  had  great  experience." — Mark  Lane  Express. 

%*  The  above  Two  Vols,  in  One,  handsomely  half-bound,  entitled  "The  Tree  Planter. 

Propagator  and  Pruner."    By  Samuel  Wood.    Price  3/6. 

Art  of  Grafting^  and  Budding:* 

By  Charles  Baltet.    With  Illustrations   ....,.,•     2/6 

"  The  one  standard  work  on  this  subject." — Scotsman. 


MATHEMATICS,  ARITHMETIC,  ETC, 
Descriptive  Geometry, 

An  Elementary  Treatise  on  ;  with  a  Theory  of  Shadows  and  of  Perspective,  extracted 
from  the  French  of  G.  Monge.  To  which  is  added  a  Description  of  the  Principles  and 
Practice  of  Isometrical  Projection.     By  J.  F.  Heather,  M.A.    With  14  Plates.     2/0 

Practical  Plane   Geometry: 

Giving  the   Simplest   Modes   of  Constructing   Figures   contained   in  one  Plane  and 
Geometrical   Construction  of  the  Ground.     By  J.    F.   Heather,    M.A.        .     2/0 
"  The  author  is  well-known  as  an  experienced  professor,  and  the  volume  contains  as  complete  a 
collection  of  problems  as  is  likely  to  be  required  in  ordinary  practice." — Architect. 

Analytical  Geometry  and  Conic  Sections. 

By  James   Hann.     New  Edition,  Enlarged  by  Professor  J.  R.  Young    .        .      2/0 
"  The  author's  style  is  exceedingly  clear  and  simple,  and  the  book  is  well  adapted  for  the  beginner 
and  those  who  may  be  obliged  to  have  recotu-se  to  self-tuition." — Engineer. 

Euclid, 

The  Elements  of  ;  with  many  Additional  Propositions  and  Explanat'^ry  Notes  ;  to 
which  is  prefixed  an  Introductory  Essay  on  Logic.     By  Henry  Law,  C.  E.        .     2/6 
*^*  Sold  also  separately,  viz.  : — 

Euclid.    The  First  Three  Books.     By  Henry  Law,  C.E 1/6 

Euclid.    Books  4,  5,  6,  11,  12.     By  Henry  Law,  C.E 1/6 

Plane  Trig^onometry, 

The  Elements  of.     By  James  Hann,  M.A.     Sixth  Edition        ....      1/6 
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Spherical  Trig'ononietpy, 

The  Elements  of.     By  James  Hann.    Revised  by  Charles  H.  Dowling,  C  E.      1/0' 
*^*  Or -with  "  The  Elements  0/ Platie  Trigonometry,"  in  0?ie  Vol.,  2iQ. 

Diffepential  Calculus, 

Elements  of  the.     By  W.  S.  B.  Woolhouse,  F.R.A.S.,  &c.        .        ,        ,        ,      1/a 

Integral  Calculus. 

By  HOMERSHAM  Cox,  B.A.    ..«•• ,      1/0 

Alg^ebra, 

The  Elements  of.    By  James  Haddon,  M.A.,  formerly  Mathematical  Master  of  King's 
College  School.     With  Appendix,  containing  Miscellaneous  Investigations,  and  a  col- 
lection of  Problems       .        .        .      ^ 2/0- 
Key  and   Companion  to  the   Above. 

An  extensive  repository  of  Solved  E.xamples  and  Problems  in  Illustration  of  the 
various  Expedients  necessary  in  Algebraical  Operations.     By  J.  R.  Young.         .      l/6> 

Commercial  Book-keeping*. 

With  Commercial  Phrases  and  Forms  m  English,  French,  Italian,  and  German.  By 
James  Haddon',  M. A.,  formerly  Mathematical  Master,  King's  College  School  .      1/6 

Arithmetic, 

A  Rudimentary  Treatise  on  :  with  full  Explanations  of  its  Theoretical  Principles,  and 
numerous  Examples  for  Practice.     For  the  use  of  Schools  and  for  Self-Instruction.     Bv 
J.  R.  Young,  late  Professor  of  Mathematics  in  Belfast  College.   Eleventh  Edition     1/6- 
Key  to  the  Above. 

By  J.  R.  Young 1/6 

Equational  Arithmetic, 

Apphed  to  Questions  of  Interest,  Annuities,  Life  Assurance,  and  General  Commerce  ; 
with  various  Tables  by  which  all  calculations  may  be  greatly  facilitated.  By  W. 
HlPSLEY 2/0 

Arithmetic, 

Rudmientary,  for  the  Use  of  Schools  and  Self-Instruction.  By  James  Haddon,  M.A. 
Revised  by  Abraham  Arman 1/6 

Key  to  the  Above. 

By  A.  Arman •..•,,,    1/6. 

Mathematical  Instruments, 

A  Treatise  on  ;  Their  Construction,  Adjustment,  Testing,  and  Use  concisely  explained; 
By  1.  F.  Heather,  M.A.,  of  the  Royal  Military  Academy,  Woolwich.  Fourteenth 
Edition,  Revised  with  Additions,  by' A.  T.  Walmtsley,  M.I.C.E.,  Fellow  of  the- 
Surveyors'  Institution.  Original  Edition  in  One  Vol.,  Illustrated  .  .  .  2/0 
%*  In  ordering  be  careful  to  say  ''Original  Edition,"  to  distinguish  it  from  the  Enlarged 
Ectiiion  in  Three  Vols,  (see  below). 

Drawing^  and  Measuring-  Instruments. 

Including— 1.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing,  and  in 
the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans.  II.  Instruments 
used  for  the  purposes  of  Accurate  Measurement,  and  for  Arithmetical  Computations. 
By  J.  F.  Heather.  M.A 1/6 

Optical  Instruments. 

Including  (more  especially)  Telescopes,  Microscopes,  and  Apparatus  for  producing, 
copies  of  Maps  and  Plans  by  Photography.    By  J.  F.  Heather,  M.A.    Illustrated     1/6 

Surveying  and  Astronomical  Instruments. 

Including— I.  Instruments  used  for  Determining  the  Geometrical  Features  of  a  portion 
of  Ground.      II.  Instruments  employed    in  Astronomical    Observations.     By  J.    F. 

Heather,  M.A     Illustrated 1/6 

♦^*  Th€    above    Three     Volumes  form    an    enlargement  of  the    Author  s    original    work, 
"  Matheviatical  Instruments," pnce  2/0. 

Mathematical  Instruments : 

Their  Construction,  Adjustment,  Testing  and  Use,     Comprising  Drawing,  Measuring, 

Optical,    Surveying,    and    Astronomical    Instruments.     By    J.    F.    Heather.    M..A. 

Enlarged  Edition,  for  the  most  part  re-written.     Three  Parts  as  nbove  4/6 

*'An  exhaustive  treatise,  belonging  to  the  well-known  Weale's  Series.     Mr.  Heather*  experience 

well  quilifici  him  for  the  la^k  he  has  so  ably  fulfilled." — Engineeri^ig  atut  Building  Times. 

Slide  Rule,  and  How  to  Use  It. 

Containing  full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.  By  CHARLES  HOARE,  C.E.  With  a  Slide  Rule, 
in  tuck  of  cover.     Fifth  Edition ....     2/6 
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Mathematieal  Tables, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations  ;  to  which  is  prefixed  a 
Treatise  on  Logarithms,  by  H.  Law,  C.E.  Together  with  a  Series  of  Tables  for 
Navigation  and  Nautical  Astronomy.     By  Professor  J.  R.  Young.     New  Edition    4/0 

liOg^apithms. 

With  Mathematical  Tables  for  Trigonometrical,  Astronomical,  and  Nautical  Calcula- 
tions.   By  Henry  Law,  C.E.    Revised  Edition.    (Forming  part  of  the  above  work)    3/0 

Theory  of  Compound  Intepest  and  Annuities: 

With  Tables  of  Logarithms  for  the  more  Difficult  Compulations  of  Interest,  Discount, 

Annuities,  &c.,  in  all  their  Applications  and  Uses  for  Mercantile  and  State  Purposes. 

By  Fedor  Thoman,  of  the  Societe  Credit,  Mobilier,  Paris.     Fourth  Edition      .     4/0 

"A  very  powerful  work,  and  the  author  has  a  very  remarkable  connnand  of  his  subject." — Professor 

A.  DE  Morgan.     *'  We  recommend  it  to  the  notice  of  actuaries  and  accountants." — AtheruEum. 

Treatise  on  Matliematics, 

As  applied  to  the  Constructive  Arts.     By  Fkancjs  Campjn.  C.E..  &c.    2nd  Edn.    3/0 
"Should  be  in  the  hands  of  everyone  connected  with  \i\x\\f^vng  ^QniWazwoa,'— Builder's  Reporter. 

Astronomy. 

By  the  late  Rev.  ROBERT  MAIN.  M.A.,  F.R.S.  Third  Edition  revised  and  corrected. 
By  William  Thynne  Lynn,  B.A.,  F.R.A.S.  2/0 

'  A  sound  and  simple  treatise,  very  carefully  edited,  and  a  capital  book  for  be(;inners  ' — Knotuledge 

Statics  and  Dynamics, 

The  Principles  and  Pracurae  of  ;  embracing  also  a  clear  development  of  Hydrostatics, 
Hydrodynamics. and  Central  Forces.     By  T.  Baker,  C.E.     Fouim  Edition  1/6 


BOOKS    OF   REFERENCE   AND 

MISCELLANEOUS    VOLUMES. 

Manual  of  the  Mollusca : 

A  Treatise  on  Recent  and  Fossil  Shells.  By  Dr.  S.  P.  Woodward.  A.L.S.  With 
Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.  With  numerous  I'lates  and  300 
Woodcuts 7/6 

"A  storehouse  of  conchological  and  geological  information." — I/ardwicie's  Scit/ue  Gossip. 

Dictionary  of  Painters, 

And  Handbook  for  Picture  Amateurs  ;  being  a  Guide  for  Visitors  to  Public  and  Private 
Picture  Galleries,  and  for  Art  Students,  including  Glossary  of  Terms,  &c     By  Philippe 

Daryl,  B.A 2/6 

•'Considering  its  small  compass,  really  admirable.     We  cordially  reconunend  the  hook."— £uiiJfr. 

Paintings  Popularly  Explained. 

By  Thomas  John  Gullick,  Painter,  and  John  Timbs,  F.S.A.  Including  Fresco^ 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature,  Painting  on 

Ivory,  Vellum,  Pottery,  Enamel,  Glass.  &c.     Filth  Edition 6/0 

*»*  Adopted  as  a  Prize  Book  at  South  Kensington, 
"  Much  may  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  taught,  from  tlie  careful 
perusal  of  this  unpretending  but  comprehensive  treatise." — Art  Journal. 

Dictionary  of  Terms  used  in  Architectupe, 

Building,     Engineering,     Mining,     Metallurgy,     Archaeology,     the     Fine    Arts,     &c. 
By    JOHN    We  ale.      Sixth   Edition.      Edited   by  Rout.   Hunt,  F.R.S.,  Keeper  of 
^fining  Records,  Editor  of  "  Ure's  Dictionary."     Numerous  Illustrations    ,        .     6/0 
•^*   The  above,  strongly  bound  in  cloth  boards,  price  6/0. 
"  The  best  smaM  technological  dictionary  in  the  Xasigwa.'g't"— Architect. 

Music, 

A  Rudimentary  and  Practical  Treatise  on.     By  CHARLES  Child  Spencer  •     2/6 

"Mr.  Spencer  has  marshalled  his  information  with  much  skill,  and  yet  with  a  simplicity  that  vomsl 
■recommend  his  works  to  all  who  wish  to  thoroughly  understand  music" — IVeekly  Tittus. 

Pianoforte, 

The  Art  of  Playing  the.     With  Exercises  and  Lessons.    By  C.  C.  Spencer        .     1/6 

"A  sound  and  excellent  work,  written  with  spirit,  and  calculated  to  inspire  the  pupil  with  a  desire  »« 
aim.  at  high  accomplishment  in  the  art." — School  Board  ChronicU 
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House  Manager: 

Being  a  Guide  to  Housekeeping,  Practical  Cookery,  Pickling  and  Preserving,  House- 
hold^Work,  Dairy  Management,  the  Table  and  Dessert,  Cellarage  of  Wines,  Home- 
brewing  and  Wine-making,  the  Boudoir  and  Dressing-room,  Travelling,  Stable 
Economy,  Gardening  Operations,  &c.    By  An  Old  Housekeeper  .        .     3/6 

"  We  find  here  directions  to  be  discovered  in  no  other  book,  tending  to  save  expense  to  the  pocket,  as 
-well  as  labour  to  the  head."— yt>-'i«  Dull. 

Manual  of  Domestic  Medicine. 

By  R.  Gooding,  B.A.,  M.D.     Intended  as  a  Family  Guide  in  all  Cases  of  Accident  and 

Emergency.     Third  Edition,  carefully  revised 2/0 

"The  author  has.  we  think,  performed  a.  useful  service  by  placing  at  the  disposal  of  those  situated, 
by  unavoidable  cucu instances,  at  a  distance  from  medical  aid,  a  reliable  and  sensible  work  in  which 
professional  knowledge  and  accuracy  have  been  well  seconded  by  the  ability  to  express  himself  in  ordinary 
untechnical  language." — Public  Health. 

Manag-ement  of  Health. 

A  Manual  ot  Home  and  Personal  Hygiene.     By  the  Rev.  James  Baird,  B.A.    ,    1/0 
"The  author  gives  sound  instruction  for  the  preservation  of  health." — Athenceuvi. 
"It  is  wonderfully  reliable,  ii  i&  written  with  excellent  ta^te,  and  there  is  instruction  crowded  into 
.ever>'  page.  — Englhh  Mechanic, 

House  Book, 

Comprising  :  I.  THE  HOUSE  MANAGER.  By  An  Old  Housekeeper.  H.  Domestic 
Medicine.  By  Ralph  Gooding,  M.D.  HI.  Management  of  Health.  By 
James  Baird.     la  One  Vol.,  strongly  hall-bound 6/6 

JNatupal  Philosophy, 

For  the  Use  of  Beginners.     By  CHARLES  TOMLINSON,  F.R.S.      ....      1/6 

Electric  Telegraph  : 

Its  History  and  Progress  ;  witli  Descriptions  of  some  of  the  Apparatus.  By  R.  Sabine, 
CE.,  F.S.A.,  &c 3/0 

"  Essentially  a  practical  and  instructive  work." — Daily  Telegraph. 

Handbook  of  Field  Fortification. 

By  Major  W.  W.  Knollys,  F.R.G.S.    With  163  Woodcuts 3/0 

"  A  well-timed  and  able  contribution  to  our  military  literature.  .  .  .  The  author  supplies,  in  clear 
business  style,  all  the  information  likely  to  be  practically  useful." — Chambers  of  Commerce  ChronicU, 

Logic, 

Pure  and  Applied.     By  S,  H.  Emmens.    Third  Edition 1/6 

"  This  admirable  work  should  be  a  text-book  not  only  for  schools,  students,  and  philosophers,  for  all 
•litterateurs  and  men  of  science,  but  for  those  concerned  in  the  practical  affairs  of  life,  &c." — The  News. 

Locke's  Essays  on  the  Human  Understanding^. 

Selections,  with  Notes  by  S.  H.  Emmens 1/6 

Compendious  Calculator 

{Inticitive  Calculations)  ;  or  Easy  and  Concise  Methods  of  performing  the  various 
Arithmetical  Operations  required  in  Commercial  and  Business  Transactions  ;  together 
with  Useful  Tables,  &c.     By  DANIEL  O'GoRMAN.     Twenty- seventh  Edition,  carefully 

revised  by  C.  Norris 2/6 

*^^*  The  above,  strongly  half-hound,  price  3/6. 
"  It  would  be  difficult  to  exaggerate  the  usefulness  of  this  book  to  everyone  engaged  in  commerce  or 
manufacturing   industry.  ^  It   is  crammed   full   with   rules  and   formulae   for  shortenmg  and  employing 
calculations  in  money,  weights  and  measures,  &c.,  of  every  sort  and  description." — Knowledge. 

Measures,  Weig'hts,  and  Moneys  of  all  Nations, 

And  an  .Analysis  of  the  Christian.  Hebrew,  and  Mahometan  Calendars.     By  W.  S.  B. 

WOOLHOUSE,  F.R.A.S.,  F.S.S.     Seventh  Edition 2/6 

"A  work  necessary  for  every  mercantile  office." — Building  Trades  Journal. 

Grammar  of  the  Eng^Iish  Tong:ue, 

Spoken  and  Written.  With  an  Introduction  to  the  Study  of  Comparative  Philology. 
By  Hyde  Clarke,  D.C.L.    Fifth  Edition 1/6 

Dictionary  of  the  Eng^lish  Lang'uag'c, 

as  Spoken  and   Written.     <^outaming  about  100,000  Words.      By  Hyde   Clarke, 

D.CU  3/6 

Complete  with  the  GRAMMAR,  5/6. 

Composition  and  Punctuation, 

Familiarly  Explainea  for  tho:,e  who  fiave  neglected  the  Study  of  Grammar.  By  JuSTiM 
Brenan.     Eighteenth  tiuition       ..........      1/6 
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Fpeneh  Grammar. 

With    Complete    and    Concise    Rules  on    the    Genders  of    French    Nouns.  By 

G.  L.  Strauss,  Ph.D 1/6 

Eng'lish-Fpench  Dictionary. 

By  Alfred  Elwes •«4»»..     2/0 
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